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Climatological Influences and Electrical Transmission.* 


BY PROF. ALEXANDER G. McADIE. 


N a paper published in the Monthly Weather Review 
for October, 1897, the writer called attention to the 
important part which climate must play in the long 
distance transmission of electrical eriergy. Those 
of us who have had to deal with very high potentials 

in the laboratory know how 
hard it is to preserve a high 
degree of insulation even 
where we have but a few hun- 
dred feet of line and the most 
perfect insulators to deal 
with. In photographic rec- 
ords of the potential of the 
air, for example, notwith- 
standing all our care there 
is always a suspicion when 
the curve begins to fall in 
foggy or rainy weather that 
the running down of the 
voltage is probably caused 
by weakening of the insu- 
lation, due to a deposit of 
moisture. The Mascart table 
and suspension insulators 
can hardly be improved 
upon, but commercially 
their use is prohibited be- 
cause of their fragile char- 
acter, the use of sulphuric 
acid and the expense; but 
even with the best insulator 
the hygrometric condition 
of the air will materially 
affect the insulation. In- 
deed a very good hygro- 
scope might be devised, 
based upon this principle of 
diminution of potential with increase of humidity. The 
accompanying diagram (Figure 1) shows the potential 
curve obtained with a photographic Thompso.-Mascart 
electrometer outfit. It is interesting to note the fall in 
potential with the occurrence of fog. 


What is true in the laboratory must hoid in some 


*Submitted for discussion at the Fifth Annual Convention of the Pacific 
Coast Electric Transmission Association, San Jose, Cal., Jume 18-19, 1901. 


ON THE UNDER Sipz Or A HIGH FoG. 


degree in practice and the question before us now, there- 
fore, is to trace the relation of the industrial application 
of electricity in this great valley to the atmospheric 
conditions. More particularly the point is, will our 
present insulators be limited in capacity by our climatic 
conditions, particularly by 
fog? And not only insu- 
lators but indeed the whole 
plant: generators, 
switch boards, converters 


lines, 


and transformers, are all 
more or less of varying ef- 
ficiency under the influence 
of atmospheric conditions. 
In THE JOURNAL OF ELEC- 
TRICITY for May, 1897, the 
editor calls for an insulator 
that, besides being a practi- 
cally perfect non-conductor, 
must be wind, rain, snow, 
sleet, dust and insect proof. 
The snow and the sleet are 
less troublesome in our cli- 
mate than in other parts of 
the United States, although 
we cannot afford to neglect 
but the wind 
and the rain and thedust are 
still with us; 
dition more frequent here 
than in the east, 7. ¢., the 
fog. And last, but not least, 
the accumulated static 
the 
atmosphere itself. My hear- 
ers know better than I do 
whether or not this atmos- 
pheric charge causes trouble. 

In the specifications of the last lightning arrester which I 
haveseen, particular attention is given to the method of rup- 
turing the arc caused by the current of the dynamo follow- 
ing the lightning. 
blowing the arc upward in the arrester, where, because of 
increased distances between the flares and an extra surface, 
the arc is easily ruptured. Alternating current lightning 


even these; 


also, a con- 


charge obtained from 


This is done by means of an air current 
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arresters are criticised for the exposure of the line termi- 
nals, making possible the formation of arcs by the ac- 
cumulation of dust, dirt, bugs, etc. In brief our studies 
of lightning, especially of the vagaries known as side 


Electrical Potential of Air. 


Washingten Monument, 
ax May 1887 





FIGURE 1— POTENTIAL CURVE OF AIR. 


flashes, spitting off discharges, etc., have taught us to 
look squarely at the air itself; and it is time now that 
those in charge of central stations were in a position to 
know something of the daily conditions of the air and 
water-vapor, since nearly all of our protective devices 
depend upon the breaking down of the dielectric itself. 
We hear so much of the Hertzian wave; but perhaps we 
forget that Hertz himself pointed out that the sparking at 
the terminals of his apparatus was influenced greatly by 
the presence of dust. Our sparking gaps are air gaps. 
Our line discharges and, indeed, all of our modern pro- 
tective devices hang upon the supposed efficiency of an 
air gap varying from one-twentieth to one-half inch. 

In addition then to the general question of mainte- 
nance of the plant and lines and the expenses of operation 





FIGURE 2— RECORDING ELECTROMETER, FOR USE ON KITEs. 


as determined by general climatic conditions, we have 
these special problems of the insulation at all points 
where discharges are liable to occur, puncturing the in- 
sulation or otherwise causing a loss of current. 
Advancing, perhaps abruptly, to another phase of the 
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study of climatology, and one which is equally vital to 
electrical transmission interests, in that it is the source 
of the water power which drives their great generating 
stations. I feel that I can not better describe in an ele- 
mentary way the 
fog and cloud 
phenomena of 
the region of the 
bay of San Fran- 





FIGURE 8. 


cisco than by re- 
ferring to an 
article, by my- 
self, which ap- 
peared in the 
May, 1901, issue of Camera Craft, thatexquisite little maga- 
zine which has in so few brief months found first place 
among the most beautiful periodicals of the day. This 
article pointed out that if we lived on a planet without an 
atmosphere, such as our own satellite, and were sud- 
denly carried to the earth and required to specify what, 
of all the wonderful things seen, most excited our inter- 
est, we would be forced, in perfect fairness, to answer 
“the floating reservoirs—the clouds.” Because we do 
live on a planet that has an atmosphere, and daily see 
the never-ending procession of aerial forms marching 
across the sky we are unable to rightly marvel at the 
clouds, though we may rightly admire the beauty of the 
cloudscape. We fail to realize, too, that we are living at 
the bottom of a sea—a sea of air and not of water. This 
is a deeper sea than that of the sailing ships, and sound- 
ings exceeding five miles have recently been made in it. 


FIGURE 7—A FORECAST OFFICAL’S MAP. 





FIGURE 9— CLIMATOLOGY OF PACIFIC OCEAN. 


Twilight indicates a sensible atmosphere of perhaps 
forty miles, and some measurements of meteoric phe- 
nomena would extend the envelope of air to one hun- 
dred miles; but for all practical purposes the sea of air 
with which man is concerned may be considered as five 









































































































































FER ae «80 





BEART ITT ET 


©. ARENT LED ll 


es 


er 








September, 1901] 


miles deep. Even so, it is an ocean more vast than the 
broad Pacific, the ridged Atlantic, the Arctic, the Ant- 
arctic, and all the waters of the globe combined. At the 
bottom of this sea men walk about unconscious of a 
pressure of nearly 
one ton on each 
square foot of their 
bodies. This pres- 
sure is not constant 
but varies from hour 
to hour and day by 
day, sometimes as 
much as one hun- 
dred pounds. 

Far above move 
those strangely 
plastic water car- 
riers, the clouds, 
and it may be that 

f WEST PACIFIC WEATHER MAP. dec 7, 96 

a longing comes for 

the wings of a bird 

that we, too, might journey in the realms of the 
cloud. But like Prometheus, bound to his rock, man 
seems chained below and wears out his existence at 
the bottom of the sea of air. Deep sea fishes are 
structurally adapted to withstand the enormous pressure 
of the superincumbent layers of water; and man, a deep- 
air animal, is also suited for his habitat. When he wishes 
to change from one level to another he can laboriously 
climb the side of some high mountain, realizing as he 
toils upward that his respiratory system is adapted to 
low levels. With less physical effort he can rise in an 
artificial way by balloons, and range through levels with 
pressure varying from fifteen to five pounds a square 
inch. Unlike the birds, however, he can not, unassisted, 
sound the air. He is outclassed by the eagle. Even the 
lazy buzzard circling slowly across the sky, soaring 
without effort over hill and valley, watching with sharp 
eye the slow-moving animals on earth, has the advant- 
age of man. 


ry 


\ 





FIGURE 10—A TYPHOON OF THE CHINA SEA. 


The sea of air has even more moods than the sea of 
water. In the atmosphere the great disturbances are at 
the bottom while the upper strata are comparatively 
tranquil. What is called weather is for the most part a 
displacement of normal strata. Deflection, dipping, or 
underflowing of some customary air stratum by another, 
means a marked change in man’s environment, and 
naturally he comments freely thereupon. 


Few of us realize that the atmosphere is never abso- 
lutely at rest. On the calmest day and in the most 
sheltered nook the air, seemingly still, will be found on 
closer examination to be in motion. Difference of tem- 
perature causes convectional currents, or what we may 
call gross motion. There are other motions, of which 
the laymen can know but little. The president of the 
British Association for the Advancement of Science 
stated in the presidential address for 1898 that: 

“The total energy of both the translational and inter- 
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nal notions of the molecules locked up in quiescent air 
at ordinary pressure and temperature is about 140,000 
foot-pounds in each cubic yard of air. Accordingly the 
quiet air within a room 12 feet high, 18 feet wide, and 22 





FIGURE 12—A DARK 
FLASH. 


FIGURE 11— AN ‘IMPULSIVE RUSH 
DISCHARGE’ OF LIGHTNING. ila 


feet long, contains energy enough to propel a one-horse 
power engine for more than twelve hours.” 

As seaweeds betray the set of the ocean currents, so 
do clouds betray the aerial steam lines. In studying air 
drainage, then, let us follow closely the lines and levels 
of the condensed water vapor. A bank of water vapor 
(and the vapor is independent of the air) rests like a 
sediment at the bottom of our sea of air. Under usual 
conditions a cubic foot of air weighs about 490 grains. 
A cubic foot of water vapor when the due-point is 60 
degs. weighs about 6 grains. Variation in the amount of 
water vapor affects man more than change in air. A 
warm day becomes unbearable if the humidity is high 








FIGURE 13— A MULTIPLE QUADRANT ELECTROMETER. 


and quite pleasant if the humidity is low. Conversely, a 
cold day is bracing if dry and doubly disagreeable if 
damp. It is this water vapor which gives us fog, cloud, 
snow, rain, hail, frost and ice. With the aid of fine dust, 
it gives the wonderful colors of sunset. Like a warm 
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breath upon a window, it may veil the sunlight, and we 
then call it a cloud. 

On the coast of California there is a city justly famed 
for the abnormalities of its climate.Overcoats and heavy 
wrapsare worn in midsummer and the lilies bloom in De- 
cember. From May until September almost no rain falls; 
yet during this period, with clocklike regularity, great 
banks of fog march in every afternoon and cover the 
hills. Day after day the inhabitants of this city walk 
about under a sediment of water vapor, knowing that 
1,500 feet above, the air is clear and 20 deg. or 30 deg. 
warmer. Truly, this is an ideal locality in which to 
study the formation of fog, the birth of the cloud, and 
to note the shifting of the strata at the bottom of the 
atmospheric sea. Like an immense blanket, the fog is 
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daintiest of lacelike cirrus clouds are formed; one cur- 
rent rises and another falls, and a sheet of cloud, level 
as a prairie, marks the plane of condensation. Aerial 
fleets and flocks appear and disappear as the water vapor 
is cooled by contact, ascension, mixture, or otherwise. 
Air motion, is, as a rule, initiated by differénce in tem- 
perature. In the wonderful land of California, owing to 
peculiar topography, the temperature of the air will 
often differ as much as 50 degs. in 50 miles. Especially 
is this the case in the vicinity of the Golden Gate, where 
on one side the ocean maintains a temperature of about 
55 degs., while a few miles inland the temperature on 
summer afternoons may reach 110 deg. Here, then, 
one may expect to find well-marked air currents, drafts, 
and counterdrafts. Here the rain engineer should be- 





Foc RISING AND CHANGING TO CLOUD. 


drawn through the Golden Gate. Below the blanket, 
all is gray and dreary; above, all is sunshine and de- 
lightful weather. 

Now, fog, whether it appears for a few hours at cer- 
tain seasons, as in New York harbor, or regularly on 
summer afternoons, as at San Francisco, or for weeks 
and months, as on the banks of Newfoundland, indi- 
cates air motion. It is, moreover, the first reaction in 
the process of rain-making. The murky town fog of 
London, seemingly, is far removed from the pure mists 
of the Scottish Highlands; still the underlying principle 
of formation is the same. Ground fog, sea fog, town 
fog, tule fog, and the clouds through all the levels are 
Nature’s unfinished efforts at rain-making. In that vast 
laboratory there are many ways of warming and cooling 
water vapor. One level glides over another and the 


gin his studies. In the early morning after a night of 
fog, the city roofs glisten with little pools of water. 
Wherever the fog impinges on a condensing surface, the 
water trickles down. One side of a street is wet, the 
other dry. Under the trees, in the redwood canyons of 
the slopes of Tamalpais, the drifting fog, after caressing 
the leaves, patters gently to the ground. A few hours 
earlier this water was in the Pacific; as vapor it traveled 
perhaps a thousand feet upward. Then settling and 
chilled by the cold water surface, it was carried inland 
as fog, and meeting in the leaf a modest but efficient 
rain-maker, turns to water again and flows in part into 
the sea. 

To the student of cloud formation no science is more 
valuable than photography. With the constant changes 
of the air currents comes new formations of vapor, and 
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MIXED SEA FOG AND GROUND RADIATION Foc. 


in preserving for future comparisons the record of these 
changes the camera plays an all-important part. The 
illustrations accompanying this article were made on 
Mt. Tamalpais, and give but a faint idea of the multitude 
of fantastic shapes that march past the Golden Gate dur- 
ing the summer afternoons. Processes of reproduction 
necessarily cause a loss of detail in the pictures, but an 
idea of the exceeding beauty of this class of photog- 
raphy, even without the scientific interest attached, can 
be gained by a comparison of the different illustrations. 

We will now pass very rapidly through some climatic 
phenomena found upon the Pacific Coast. The United 
States Weather Bureau has four points for study in this 
section, namely: Mount Tamalpais, at an elevation of 
about 2,500 feet; San Francisco, at sea level; Mount 
Hamilton, at 4,400 feet, and San Jose, some 50 or 60 or 
70 feet above sea level. Passing quickly from Tamal- 
pais we have, in the engravings, views of the fog which 
is so much with us. In constructing lightning arresters 
(more necessary in the East than here), and in the pro- 
tection of transmission lines in nearly every way, you 


are called upon to meet questions of the maintenance of 
a high degree of insulation. The problem on this 
coast is different from that in the East. Here, with high 
potentials, triple petticoat insulators and all that, you 
have to deal with a factor, fog, not so prevalent, nor so 
dense in the East, and practically, a new condition. The 
illustrations given represent fog views from the Ob- 
servatory on Mount Tamalpais, where this Association 
met last year. The rain gage is shown right in front. I 
think you can now realize that fog actually does at 
times assume these shapes. The houses represent Mill 
Valley, distant about two or three miles from the point 
of view. The total breadth of view is, perhaps, 16 or 
17 miles. Here you have conditions like that to con- 
front, in this valley, and all around the bay section, and 
in planning any line you must bear that in mind. 

In one of the views is given a fog billow taken close 
by, and in honor of von Helmholst, who worked out the 
equations for the wave billows which must occur at the 
limiting surfaces of air strata of different densities, I 


have named this a Helmholstzian billow. von Helm- 
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holst never saw these billows, but he worked out their 
dimensions, and I believe made one trip to the Medi- 
terranean, or some place, hoping to see them, but was 
not successful. 

Another view shows a more common type of fog. 
There are differences in fogs, as all fogs are not of the 
same character, and you will probably, in considering 
the maintenance of lines, have to deal with that also. 
There are the summer fogs, the sea fogs, and the tule 
fog of the winter. 

We have a kite instrument, which is taken up with 
our kites, for recording pressure, humidity, temperature 
and wind velocity. It is not quite complete as yet, but 
we have another register, shown as figure 2, which re- 
cords the electrification of the air. The instrument is 
made of aluminum, and is carried up by the kites to a 
height of from one thousand to 13,000 feet. 

You are all interested in the question of rainfall and 
water supply. Looking at the maps shown as Figure 3, 
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To show you how a forecaster sometimes slips up in 
his forecasts, in Figure 7 is presented a map of the sec- 
tion of country for which forecasts are made. It is a 
territory covering fifty thousand square miles with the 
Pacific Ocean on one side. The irregular lines shown are 
the isobars, and on such a map as that the forecaster 
made a forecast of rain for the next 36 hours. He ar- 
gued wisely that a “low” was coming in. . That was the 
limit of his information. Now, refer to Figure 8, which 
is drawn on the same scale. Studying the reports from 
ship observations—and it took a year or two to collect 
these reports, and, perhaps another year to work them 
up—we have the conditions as they actually existed, 
and instead of having a storm right off the coast, you 
see the “low” really was a gigantic affair, and the fore- 
caster made a little error of perhaps two thousand miles. 
Had he known all the conditions, he could have fore- 
cast not only 36 hours rain, but probably many days of rain. 

Another map of interest which we cannot now afford 





SEA FoG DRIFTING INLAND. 


which is that for January, 1899, you will. note the 
quantities of rainfall shown by different shadings; ten 
inches of rainfall in January, from Astoria north to Neah 
Bay; four inches from Eureka north and south to San 
Francisco, less than two inches in January, which is one 
of the prime rainfall months; and as you go farther 
south, even less. That is a dry year. That is a year 
when an engineer is at his wits’ end for water supply. 
A pressure map accompanying Figure 3 is given as Fig- 
ure 4, and please contrast it with the map which fol- 
lows. That is a typical dry year on the Pacific Coast, 
west of the Rocky Mountains. These are the mean con- 
ditions for the month of January, 1889. Now note the 
difference in Figure 5. That was a typical wet month— 
December, 1899—which means a difference of nine 
inches of rain in a month in our locality. The corres- 
ponding map, showing the pressure distribution and 
prevailing winds for December, 1889, appears as Figure 
6. With plenty of water there is, as a rule, in California, 
prosperity. With a scanty rainfall, there are bad crops 
and all the attendant evil consequences, 





to neglect, bears upon the climatology of the Pacific 
Ocean. This map appears as Figure 9. By working up 
ship reports we have been able to trace a storm clear 
across the Pacific, starting in south of the Philippines, 
something of a typhoon in character, making slow pro- 
gress from day to day, as you see, recurving just as 
West Indian hurricanes will do on the other side of the 
globe; for these are twin storms—the typhoon of the 
China seas, and the West Indian hurricane. This storm 
recurved, and we have traced it from about the 2oth of 
November to the 6th of December. For quite a period 
it remained north of the Hawaiian Islands, and finally 
reached the coast in two divisions, one storm going 
south over our country, and the other passing north, 
crossing along the international boundary, and, as far 
as it could be traced, passing over the North Atlantic 
in its subsequent career. Figure 10 shows a typhoon 
of the China sea more in detail, giving the path from 
day to day. 

Coming now to some characteristics of lightning, in 
Figure 11 is reproduced a photograph of a lightning dis- 
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charge, which is the most intense discharge I have ever 
seen. We were looking right at it, and fortunately, we 
also photographed it. It was one of those intense dis- 
charges, which Dr. Lodge has rightly called an “impul- 
sive rush discharge.” In Figure 12 may be seen, if the 
photo-engraver is able to bring it out in the illustration, 
a few dark flashes of lightning alongside the bright one. 
This is the first of those dark flashes, the one which 
started the discussion on the subject. It is very plainly 
marked there. 

The next illustration (Figure 13) is that of a multiple 
quadrant electrometer used in measurements of the po- 
tential of the air—the variations of the potential at times 
of thunderstorm. These variations are very rapid and 
very great. A record of the potential of the air, made 
from the little windows, about three or four feet square, 
at the top of Washington Monument, and which re- 
cord was brought before you last year* affords a very 
pretty illustration of this variation of the potential of 
the air at times of thunderstorms—a record so interest- 
ing that I cannot resist bringing it before you again. 
It appears as Figure 14, and on it you will see that the 
fluctuations are tremendous. The spot of light on the 
ground glass scale seems to have gone beyond the limits 
of the scale; and there is a range certainly of seven 
thousand volts at times like that, and with every flash of 
lightning there is a rebound to zero. It is as if the stress 
was suddenly relieved, as it is; the electrometer shows 
a rebound,-and then a quick accession of charge again. 

That finishes my remarks, Mr. President. 





THUNDERSTORMS, 
BY ALFRED F, SIMS. 
LOCAL FORECAST OFFICIAL, ALBANY, N. Y. 


N this country, general observations of thunderstorms were made 

| by volunteers under instructions from the Smithsonian Insti- 

tute as far back as 1849. Since 1871 voluntary and regular 

observers have made observations under the direction of the U. S. 

Department of Agriculture Weather Bureau. The conclusions 
drawn from the observations are as follows: 

(1) Thunderstorms advance from the west toward the east and 
southeast ; they generally develop in the southeast quadrant of a 
low atmospheric pressure area, and about four to five hundred 
miles from its center. 

(2) The outlines of the region favorable for thunderstorm de- 
velopment spread in a fan shape towards the southeast and east. 

(3) A thunderstorm travels at less speed than the accompany- 
ing area of low at mospheric pressure. 

The development of thunderstorms depends, not only on the 
high temperature of the summer afternoons, but also on the lack 
of equilibrium of the atmosphere as determined by the circulation 
of cyclonic winds. 

The attendant phenomena of a thunderstorm vary considerably, 
but are usually as follows: First, cirrus haze appears in the 
morning. Then dark clouds are seen lying lowin the western sky 
usually in the afternoon; the air is warm and sultry. Later on 
the clouds mount to near the zenith and the air near the ground 
“A solemn stillness holds.’’ The clouds on the front of the 
thunderstorm are grayish white or reddish and hang over and in 
front of the main rain cloud. Above these, dense dark gray and 
violet cumulo-stratus clouds are seen, also the towering cumulus 
clouds which are separated from the cumulo-stratus. Often these 
are interspersed with one or more thick cumulo-stratus cloud 
layers and above all is the widely distributed cirro-stratus. 
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The herald of the storm is heard before the cloud reaches the 
zenith, and the first rain commences afterit. The interval between 
the first thunder and the beginning of the rain varies from a few 
minutes to half an hour or more. About five minutes before rain 
begins, there comes from the west or northwest a brisk wind which 
suddenly increases in violence and becomes a squall. 

The time of heaviest rainfall varies; sometimes it occurs at the 
beginning and sometimes in the latter part of the time the rain 
cloud draws over a locality. The lightning strokes and loudest 
thunder occur some minutes after the rain begins. Gradually the 
western horizon loses its dark aspect, lightens up a little, and 
finally opening clouds appear. The storm clouds pass by over- 
head and the rain ceases shortly before their western edge reaches 
the zenith. The last thunder is usually heard after the rear edge 
of the cloud has passed the zenith. The usual direction of 
translation of thunderstorms in this latitude is easterly, and they 
revolve around a horizontal axis, whereas tornadoes revolve 
around a vertical axis. 

Before the thunderstorm, the meteorological conditions undergo 
the following changes: The air pressure and the relative humidity 
decrease, and the temperature rises; the wind is light. At the 
moment of bursting of the storm, the air pressure and relative 
humidity increases very rapidly and the temperature falls; the 
wind becomes suddenly strong, and sometimes it as suddenly sub- 
sides almost immediately afterwards, while at times it increases 
until near the close of the thunderstorm. Toward the end of the 
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THE ADVANCE OF A THUNDERSTORM. 


thunderstorm, the air pressure and relative humidity reach their 
maximum, and the temperature its minimum. 

The history of a thunderstorm as indicated by a mirror-electro- 
meter is very interesting. On a warm afternoon, onesees through 
the haze to the southwest a patch of dark cloud about twenty 
miles away. When the clouds are overhead, a beam of reflected 
light in the darkened observation room is seen traveling along a 
ground-glass scale. 

The little mirror reflecting the light is attached to the electro- 
meter needle, and in this way the most minute movement of the 
needle is made known. 

From the window the nozzle of the water-dropping collector 
protrudes through a small opening. The wind rises, and we 
notice the needle moving steadily toward the point marked 1000 
volts, positive. This means that the potential between the earth 
and the cloud is steadily increasing. Suddenly the needle flies to 
the other side of the scale and we know that the air has snapped 
and given way under the strain; the electric stress is negative, 7.¢., 
in an opposite direction, and now the needle dances and we hear 
outside the rumble of distant thunder. Nearer comes the storm. 
This process is repeated and values of from 3000 to 10,000 volts 
are obtained. With every flash of lightning, we catch the fleeting 
reflections of a little spark in the electrometer. If we place the 
eye close to the little peephole through which the nozzle goes, we 
shall see the stream of water twisting and breaking into spray and 
each time there is lightning, quickly becoming normal, only to 
rapidly twist and distort again. 

The severest discharges demolish and destroy by mechanical 
action and heat, which generates gases and ignites inflammable 
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materials. Mechanical action is not so powerful in small dis- 
charges, but they may cause fires. 

The speed of a lightning discharge may account for the diffi- 
culty with which it passes through coils of wire or other inductive 
circuits, without assuming that the discharge is oscillatory. A 
coil constructed to offer a relatively high resistance to the passage 
of lightning will allow free passage of all ordinary electric cur- 
rents, 

The air between two clouds charged with electricity, or between 
a charged cloud and the earth, is subject to an electrical strain. 
When this strain upon the air column becomes too great a dis- 
ruptive discharge takes place. This discharge may vary in 
character from the invisible silent lightning to the violent im- 
pulsive rush discharge which has an enormous amount of energy. 
The flash may have a duration varying from ,}, of a second toa 
second, The lowest point in the cloud formation is where the 
electrical discharge most frequently takes place, for the reason 
that it offers the shortest course to the ground. 

The distribution of electricity varies with every change in the 
conditions of the atmosphere. As electricity resides on the 
surface of a body, when aqueous vapor condenses on dust particles 
and accretes, the electrical potential of the rain drop rapidly 
rises, for the reason that the surface of the rain drop is smaller 
than the total surfaces of the small globules which combine to 
form it. 

A heavy shower of rain rapidly carries off the electricity, reduc- 
ing the potential of a cloud to that of the earth. There are 
certain states of the atmosphere which give rise to silent electric 
discharges between pointed bodies and the air. 

The electrical energy is mainly converted into heat by the re- 
sistance of the air, the particles of which are instantaneously 
heated. The passage of the electrical current is so rapid that only 
a brilliant light streak, or flash, is visible. 

The intensely heated air expands suddenly and then as sud- 
denly contracts, setting up a succession of air waves along the 
line of the flash. The rumble and roar or sharp crackling sound 
reach the ear according to the distance of the observer and the 
direction of the discharge. 

The sound reverberates from the earth’s surface and hills and 
from clouds. 

Vegetable juices of trees present lanes for the electric discharge, 
and very often the sap between the wood and the bark is so 
heated by the discharge that steam is generated which bursts the 
trees, tears away branches, and ploughs deep furrows in the solid 
wood. 

FORECASTING OF THUNDERSTORMS. 

There are no infallible rules for forecasting thunderstorms from 
the daily weather charts. A noticeable feature of the weather 
charts is the relation of the thunderstorm’s belt to the pressure 
line of 30.0 inches, and the thermal line of 70° Fahr. A low pres- 
sure area to the west, moving in behind a high pressure area, is 
the region within which thunderstorm conditions are very liable 
to develop during the afternoon or evening. Thunderstorm con- 
ditions are generally found on the edges of low areas and are not 
noted in the centers. When thunderstorms occur in the south- 
west quadrant of a low area they are liable to be sporadic in 
character; their route of march is short and they soon die out. In 
heated terms, thunderstorms may be looked for along the line of 
change in pressure, and where the temperature in the afternoon 
will continue high. ~These storms are more liable to occur the day 
after the maximum heat has passed. 

Small thunderstorms which last but a short time are often in- 
fluenced by the topography of the country, that is, by the 
mountains and river valleys. The large-storms, which extend 
upward thousands of feet into the atmosphere, cross mountain 
and valley and are practically uninfluenced by small isolated hills 
or river valleys. 

Thunderstorm activity often begins almost simultaneously over 
a rather large region and it may continue intermittently for a day 
or so, when, without any apparent reason, there is a decided in- 
crease in the violence of the storms. 
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Violent thunderstorms may occur in the same district on two 
successive afternoons, but this is the exception rather than the 
general rule. 

The regions liable to visitation by these manifestations are in 
general the lake regions, the upper and middle Mississippi Valley 
and from Missouri eastward to the Atlantic. Their progressive 
motion is generally eastward. 

The region of the greatest number of thunderstorms is the 
southeastern part of the United States. From May to June the 
maximum is in the northeastern and central states, especially in 
a region extending along the Mississippi Valley. 

For July the maximum extends from northern Montana to 
central Texas, thence to Georgia, and thence northeastward to 
southern Maine, also in a small area about Lake Huron. 

The maximum for August occurs in the vicinity of Salt Lake, 
Utah, and along the Gulf and Atlantic Coasts. The area of 
maximum frequency of winter thunderstorms is in Louisiana and 
vicinity. 

The general direction of approach in the United States is from 
the west. At Key West, Fla., the approach is from the east; at 
Galveston, Texas, from the northeast, north or southwest. 














THUNDERSTORM DIAGRAM. 


1. Dark storm cloud. 

2. Dense cloud rolls. 

3. Towering cumulus. 

4. Where air wave crests break and form fantastic clouds. 
5. Continuous cirro-stratus layer. 

6. Alto-stratus pierced by uprushing air. 

7. The growing wisp. 

8. Detached clouds following in the wake of the storm. 


9. Sprinkling —large drops precipitated by an engagement between the 
cold and warm air. 


9',9°", 9°". Shower areas within and through which the various forms of 
lightning occur. 

10 Ata ew game of ten miles, the air flows steadily on in an unbroken 
sheet. 


11. The eye of the storm—small patch of blue is seen overhead. 





POSSIBILITIES AND LIMITATIONS OF ELECTRIC 
PUMPING. * 
BY LEWIS A. HICKS, C. E, 

T the present time electric power may be said to have 
invaded every field in which pumping finds ap- 
plication so that the only limitation imposed 
upon its use is that of the relative economy, 

measured in dollars, which any given com- 

bination of apparatus can attain as com- 
pared with some alternative device actuated by power 
other than electricity. Practically every condition ordi- 
narily met in pumping work has been covered in the 
application of electric power to the numerous pumping 
machines, in use in this State, through ropes, belts, gears 
and direct couplings, and while the disclosures of the 
Watt meter as to the power consumption of many com- 
mon types of pumps are embarrassing to their makers, 
the accurate knowledge now available to manufacturers 
and engineers of economical results attained by. their 


*Submitted for discussion at the Fifth Annual Convention of the Pacific 
Coast Electric Transmission Association, San Jose, Cal., Jume 18-19, 1901. 
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designs is of the greatest value as a factor in securing 
better workmanship and more efficient pumps. It is the 
purpose of this paper to sketch briefly the more impor- 
tant uses of electric power in this connection in Califor- 
nia, and to make some comparative statements as to 
efficiency of performance. 

The element of greater convenience 


FEED AND and small unit size often result in the use 
CIRCULATING of steam or air, more especially when the 
PUMPS work is isolated,notwithstanding the well- 


known superior economy of almost any 
form of power pumps, belt driven. All the advantages 
ordinarily lost in this way inhere in the electrically 
driven power pump, however connected, and it is much 
more satisfactory to carry current to an isolated motor 
than to pipe steam to the same point. The difficulty of 
operating power pumps is thus eliminated and shafting 
dispensed with. 

The matter of variation in the volume of delivery can 
be arranged in a number of reliable methods to be en- 
tirely automatic in action, and a little mechanical in- 
genuity will overcome apparent difficulties and result in 
the electric service being made the most satisfactory at- 
tainable both in efficiency and reliability—and when our 
auxiliaries are operated in this manner, the net economy 
of al! kinds of mechanical plants will be greatly im- 
proved. 

Throughout the central portions of 


USE OF the San Joaquin Valley the plane of sat- 
STOCK uration is within forty or sixty feet of 
PUMPS the surface, and in many places where 


the land is in use for cattle raising, the 
only resource for drinking water for cattle is 
the use of stock wells equipped with single acting brass 
cylinder pumps, the rods being attached to one end of 
a walking beam operated from a horse-power sweep. On 
one of the large ranches in Kern County there are over 
fifty such pumping stations, each provided with an at- 
tendant, usually a superannuated old man, a mule and a 
shack for both. When the wells can be located within a 
reasonable distance of each other, the attendant may 
operate several wells, but his duties are usually limited 
to keeping the mule in motion enough of the time to 
maintain the water troughs full at one station. 

The fifty wells are scattered over a territory about 
twelve miles in length and six miles wide and although 
the wages paid are merely nominal, the aggregate an- 
nual outlay for wages, repairs and horse feed amounts 
to more than $15,000. It fell to the writer to investigate 
the possibility of effecting a saving in this direction, and 
after considering the relative merits of electric distribu- 
tion with separate motors and pumps for each point, 
and of separate gas engine installations, he concluded 
that the cheaper and most reliable service would be se- 
cured by installing electrically driven air compressors at 
a central point, connected to all the wells with screw 
pipe. The air at each point was designed to be con- 
trolled by floats in the water troughs, operating pneu- 
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matic relays, consisting of a simple piston valve, capable 
of such adjustment as to maintain practically a constant 
depth of water in the troughs. The height of lift, small 
amount of power required at each point, and freedom 
from working parts to get out of order recommended 
the Poehle air lift for this service, and a full size plant 
was set up in the shop for testing purposes under like 
conditions to the actual ones and worked very satisfac- 
torily. The expense of operation of the entire plant, 
costing $40,000, was estimated to be about one-third of 
the then annual expense for men and mules, and this 
figure covered operating expense, interest on new in- 
vestment and renewals.Initial pressures were determined 
from the consideration of the required terminal pressure 
at the well farthest removed from the compressor, to- 
gether with the economical pressure loss, cost of pipe 
and power considered. Pipe diameters, leading to wells 
nearer the compressor on branch lines were cut down 
to use up, as far as possible, the surplus pressure, and 
where this was impossible owing to proximity to mains, 
reducing valves were to be used. Compressors were to 
be in duplicate, belted to induction motors, and provided 
with positive valves, actuated by Corliss gear and ar- 
ranged to cut off the compression of air automatically, 
as the load decreased by 25 per cent decrements. The 
distribution required the use of forty-five miles of iron 
pipe and the sharp advance of this material two years 
ago to more than double its previous cost prevented the 
proposed construction. 


Mr. August J. Bowie, Jr., has since reported on the 
same problem and under changed conditions as to cost 
of materials recommends separate electric motors with a 
double reduction of speed through belt and gears to the 
crosshead operating stock pump now in use, and pro- 
vided with a steam generating reserve in case of acci- 
dents, resulting in even temporary shut down of the 
water-generated current ;this precaution being necessary 
because the cutting off of the drinking water supply from 
large herds of valuable cattle during the intense summer 
heat results in serious loss. The operation of the pumps 
is to be controlled from floats in the water troughs anid 
the entire plan has been developed with much ingenuity 
to make available the existing pumps and wells. The 
resulting operating expenses would be about the same as 
for the pneumatic system, the saving effected in either 
case being sufficient to reimburse the owners for the en- 
tire investment within four years. The combined eff- 
ciencies possible of attainment insuch installations wou!d 
appear ridiculously small, but that power applications 
can be made with great financial advantage in many 
locations ordinarily considered outside the proper field 
for such work is well illustrated by the case in point. 

A satisfactory head for deep well 
pumps is a much sought for device, and 


DEEP 
WELL attempts to meet the want may be found 
PUMPS in a dozen different designs, involving 


special arrangements of gears,or cams to 
translate rotary into reciprocating motion suitable for 
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single and double acting deep well cylinder pumps. Elec- 
tric applications have been made to all of these types and 
the possibilities of even so insignificant an amount as 3.,- 
000 gallons per hour for irrigation of fruit and vegetables 
need to be seen to be appreciated. Good economy can be 
secured in using such pumps propery set and connected 
even on a very small scale. 


The statistics of the development cf 
PUMPING subterranean waters in this State during 
FOR the past three years by means of pumps 
IRRIGATION shows a most remarkable growth, which 
has been fostered largely by the contem- 
poraneous electric developments from the water power of 
the Sierras. In the southern part of the State the high 
prices of citrus lands and prevailing scarcity of water ha> 
accustomed people to paying for it at rates only possible 
because of the great value of the products raised. Four 
cents per inch per hour appears to be less than an aver- 
age charge and ten and twelve cents is not unusual. Un- 
der these circumstances there is not the same stimulus 
to obtain high efficiency that exists where water is cheap. 
Any device capable of elevating water can compete and 
efficiency seems to be subordinated to the convenience 
or comfort of operatives. 


Where water is seventy or eighty feet below the sur- 
face and pit pumps are used, attendants, if not properly 
trained, are apt to permit the whole place to become 
dirty and greasy and when this is so it is safe to say that 
the oiling devices are imperfect, shafting is out of line, 
boxes are hot, trouble is more or less continuous and 
much power is being wasted against hard packing and 
other useless friction loss. In contrast the air lift with 
nothing accessible under ground shines as a model of 
convenience for the attendants and in the minds of some 
of the irrigators with whom the writer has talked this 
consideration seemed to outweigh the loss incidental to 
the use of single stays air compression with plant effi- 
ciencies of twenty to twenty-five per cent. 


Where, as in Southern California, crops are entirely 
dependent on artificial water supply and are immensely 
valuable, the attention of the land owner is fixed on the 
possession of water at any cost, and the unit price be- 
comes a matter of minor importance in the aggregate re- 
turns. Steam, gas and crude oil engines in a variety of 
designs compete with electric motors in driving air com- 
pressors, deep well pump heads and rotary pumps of the 
Root type. At the present time not less than forty-five 
million gallons per day is being pumped from the Gravel 
Cone of San Antonio Canon, in the vicinity of Pomona 
with a lift approximating seventy-five feet. 


The power conditions may be understood from consid- 
eration of what should be attained in any properly de- 
signed installation under such conditions. In a recent 
test made by the writer on about the same lift a perform- 
ance of 200,000 foot gallons per kilowatt hour was se- 
cured. Allowing for friction in delivery pipes this would 
mean 200,000-85x540- 4.3 miner’s inches per kilowatt 
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hour or a revenue of 17 cents per kilowatt hour of ex- 
erted energy. 

At Riverside, hundreds of acres of sidehill lands, for- 
merly above irrigating supplies,have been brought under 
cultivation by pumps with lifts ranging as high as one 
hundred feet,—and throughout the southern part of the 
State, well water development has more than offset the 
decreasing perennial supply. 

In the San Joaquin Valley conditions are much more 
rigorous as the comparative abundance of gravity water 
and smaller crop values have fixed a lower unit price 
for irrigating water. Lifts are as a rule not so high per- 
haps by half, but this does not commence to overcome 
the discrepancy in prevailing water rates, which are as 
low as one cent per inch per day and probably average 
three cents per inch per day. Under the most favorable 
circumstances the cost of pumping may drop as low as 
three cents per inch per day, but to attain such economy 
is impossible in any other way than with cheap electric 
power. 

The Lindsay Development Company, of Lindsay, ir- 
rigating 1,800 acres of orange lands, have recently in- 
stalled a 50-horsepower centrifugal plant manufactured 
under the writer’s supervision, which, on the basis of a 
flat power rate, from the Mount Whitney Power Com- 
pany of $50 per horsepower year and continuous oper- 
ation, delivers water against a total lift of sixty-nine feet, 
for 3 1-3 cents per inch per day. 

This plant, consisting of a horizontal shaft centrifugal 
pump, direct coupled to 50-horsepower 2,000-volt induc- 
tion motor on common cast iron base, is set in a mov- 
able wooden frame, capable of being raised and lowered 
to follow the changes in the plane of saturation. Under 
test it developed a combined plant efficiency of 64 per 
cent, without allowances of any character, and a pump 
efficiency of 72 per cent, the best record ever en- 
countered in the writer’s practice. The runner is of the 
enclosed type with outside vanes to assist in minimizing 
side friction, vacuum parts near the nozzle tips and prac- 
tically no clearance in the shell. Readings from indi- 
cating watt meters on both legs of the two-phase cur- 
rent were checked by volt and ammeters, and again with 
time readings from an integrating polyphase watt meter. 
Gages were tested and checked against each other at 
different elevations. The plant discharges into a 15- 
inch pipe line which delivers water at different elevations 
to the individual stockholders. A gate valve is provided 
at the pump house on the main discharge so that con- 
stant pressure and discharge can be maintained at any 
one of the discharge openings or the flow may be by- 
passed to a weir and direct measurement made of the 
flow at any delivery point by regulating the pressure as 
shown by gage to agree with the pressure indicated 
when actual delivery is being made. This plant shows 
an economy of 202,000-foot gallons per kilowatt hour, 
and represents the best attainment of centrifugal pumps 
within the knowledge of the writer —and offers a’cheer- 
ful contrast to the performance of an air compressor 
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plant in southern California, working at the same lift 
driven by Corliss compound engines, burning oil under 
tubular boilers, with economizer, feedwater heater, sur- 
face condenser and first class equipment throughout, 
which realizes a comparative economy of 83,000 foot- 
gallons per kilowatt hour. 

There are exceptional plants, however, where the 
economy of the best centrifugal pumps is exceeded. The 
Hermosa plant of the Chase Nursery Company, at 
Riverside, California, realizes an economy of 215,000 
foot-gallons per kilowatt hour, and consists of a 20 
horsepower motor belted to a rotary pump which takes 
water from a small gravity ditch and raises it one hun- 
dred feet through 1,300 feet of 8-inch pipe. 

A centrifugal pump installed at the same point in com- 
petition only realized 133,000 foot-gallons per kilowatt 
hour. It frequently happens that the point of best eft- 
ciency of a centrifugal does not coincide with the condi- 
tions under which it is required to operate, and the case 
quoted of a constant water supply and lift is an illustra- 
tion of the necessity of expert consideration in planniug 
and installing such machinery, if economical results are 
to be attained. 

At Exeter a pumping plant has been installed for the 
irrigation of a tract of orange land, requiring the delivery 
of water at a height of five hundred feet. An induction 
motor belts to a counter shaft, from which two vertical 
triplex single acting pumps are driven. 

A horizontal triplex, single acting pump is also in use 
in the Kaweah district, belted in the same way, the 
plungers working in an oil bath in a closed shell. No 
exact data as to the economic performance of these 
pumps is available, but from comparison with other 
pumps of the same type it is probable that they are gooa 
for 200,000 foot-gallons per kilowatt hour. 

Another type of irrigating pump consists of screw 
runners, mounted from five to ten feet apart on a verti- 
cal shaft centered in the well casing, in which it is in- 
serted by spring steel guides which carry babbited bear- 
ings in which the shaft rotates. The weight of the water 
column and rotating parts is carried on a piston rotating 
with the shaft and subjected to slatic pressure, or upon 
ball bearings. 

Accurate tests by the writer under exceptiona:ly favor- 
able conditions of this class of pumps show a perform- 
ance of 88,000 foot-gallons per kilowatt hour when 
electrically driven, and this result was checked against 
indicator cards from a steam engine substituted for the 
motor, and showed substantial agreement. 

In general, the performance of the several types, so 
far as they have fallen under the writer’s observation, 
may be compared as follows: 

Ait AANS ccc. 65,000 to 85,000 ft.-gals. per Kw. hr. 
Propeller pump:.. 85,000 to 100,000 ft.-gals. per Kw. nr. 
Deep well pumps . 100,000 to 175,000 ft.-gals. per Kw. hr. 
Centrifugals ..... 125,000 to 200,000 ft.-gals. per Kw. hv. 
Rotary pressure . .210,000 to 215,000 ft.-gals. per Kw. hr. 
Triplex .........200,000 to 225,coo ft.-gals. per Kw. hr. 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


Q19 


Each type has a useful place to which it is adapted, and 
the best results can only be secured by careful consider- 
ation of the conditions peculiar to each installation and 
an accurate comparative knowledge of the apparatus 
available for the purpose in hand. 

Owing to the conditions under which 
they are operated, mining pumps are no- 
toriously inefficient, and the sinking 
pump as now used, actuated by air or 
steam, is extremely wasteful of power. 
The question of adapting electric power for sinking pur- 
poses came to my attention in connection withthe unwat- 
ering of the Comstock mines after the introduction oi 
the Truckee power. The available working room in the 
shaft compartment used for pumping is only four feet 
square, and this limitation, together with the distance 
between levels 100 feet, made necessary a somewhat 
novel assembly of centrifugal pumps and electric motors, 
for which the writer worked up in detail as a matter of 
professional interest. 

The quantity of water to be handled, 3,000 gallons per 
minute, required at least a 10-inch pump, and clearances 
prevented the use of runners larger than 22 inches in 
diameter. The maximum lift of 120 feet required about 
150 horsepower, while the size of shaft would not ad- 
mit anything larger than a 40 horsepower motor with 
vertical shaft. The speed of standard 40 horsepower 
motors gave an economical lift of about 70 feet, so that 
to attain the maximum lift would require two such 
pumps compounded. 

These considerations lead naturally to mounting the 
two pumps in a steel frame with bypass valves so ar- 
ranged that the first pump may deliver direct to dis- 
charge or be thrown in series with the second when the 
lift becomes greater than the economic range of the first 
pump. Both runners are on a common shaft which im- 
mediately above pump No. 2 would be coupled to the 
shaft of a vertical motor, four motors in all, one above 
the other, being requiredeach motor being 
mounted independently so that it could be uncoupled 
and taken out without disturbing the others. Thus, 
when operating just below a station level with a low lift, 
current would be supplied to the field coils of one motor 
and the lower pump would be in operation while the 
runner of pump No. 2 and the rotors of the remaining 
three motors would be running idle until the load and 
lift increased beyond the range of one motor when 
another could be cut in. In this way both pumps and 
motors would be operating more closely under econom- 


OPERATION 
OF MINING 
PUMPS 


ical full load conditions than if constructed as a single unit. 

A telescope joint in the discharge pipe firmly fixed in 
one corner of the long frame would allow the lowering 
of the pump eighteen feet as the water level receded and 
the uncoupling of an adjustable ball and socket joint 
would permit the telescoping of the pipe and the inser- 
tion of another length, thus allowing another gradual 
lowering. The entire assemblage would be handled from 


(Continued on page 222.) 
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EDITORIAL. 
The losses which occur by leakage 
HIGH-TENSION 2CTOSS the geo tceene PBR TaD in 
INSULATOR the latest an consequent y the st 
LOSSES transmission practice, have been so very 
vaguely analyzed that they are to be best 
regarded as a fitting subject for scientific 
determination. Indeed, even the makers of insulators 


will refer to the insulating qualifications of their products 
only in terms of approximations. They can and do pub- 
lish weights and dimensional data of the various types of 
insulators, but their electrical properties are not so easily 
set forth. For instance, it is stated that the voltage at 
which insulators of a certain well known type will punct- 
ure is ‘‘from five to seven times more than the voltage 
for which they are recommended’’ for actual service, and 
that the voltage at which the current arcs around the 
insulators under the worst experimental rainstorms is 
‘‘about three times more’’ than that for which the insu- 
lators are recommended. The causes of this ambiguity 
are by no means unknown, but the same can not be said 
of the effects of the shortcomings of insulators. 

The measurements ot the surface leakage of insulators 
used in high-tension service are always surrounded with 
elements of uncertainty. What with errors due to 
instruments, errors due to the ‘‘ personal equation’’ of the 
operator, and errors due to unknown causes, the de- 
termination becomes about as unreliable and as uninterest- 
ing as daily market reports from Mars would be. If one 
single instance be excepted, it is probably not too much 
to say that there have never been any experiments made 
by reliable authorities that determined any actual loss 
over the surface of either insulator, even in practical tests 
at the voltages for which they were recommended. It 
seems to be conceded, though, that beginning at 40,000 
volts, there is a slight loss due to surface leakage over 
insulators, and that even in rainstorms this loss is almost 
inappreciable and of absolutely no account or significance 
even in exceedingly long lines. The Telluride Power 
Company is on record as stating that, with 44,000 volts 
on the line, ‘‘during the most severe conditions ever 
known in any country, the total of the losses which could 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 





(Vol, XI—No. 9 


be attributed to insulators did not exceed four watts per 
insulator.”’ 

The time referred to as embodying the most severe 
conditions ever known in any country was during severe 
salt storms in Utah, when salt, whipped up from the lake 
and carried by the gale, was deposited so thick on every- 
thing that one could write his name with his finger on the 
side of the pole. There were, at that time, approximately 
12,000 insulators in service and the losses were arrived at 
by the actual measurement of the increase in the me- 
chanical power required to make good the losses due to 
insulator leakage. ‘This instance presents, if not the very 
first, then certainly one of the very first, instances of re- 
liable and satisfactory measurement for the determination 
of leakage losses. 

Laboratory tests and the experiments of students are 
trequently brought forward and the general result of such 
measurements of insulator leakage are almost uniformly 
inaccurate and prejudicial to the insulators under tests. 
More than this, they are positively detrimental to the 
electric power transmission industry, for they built up 
bogies which, though of thin air, frighten the layman 
without an iota of cause. How preposterous such tests 
may become is shown in an incident which occurred some 
time since when a certain eastern educational institution 
published the results of tests which certain of its students 
made on a well known type of insulator. Taking one 
voltage which was reported in this test and comparing it 
with the measurements of the Telluride Power Company, 
as given above, also at the same voltage, the actual 
measurements of the power company showed less than 
3 per cent. of the loss per insulator according to the 
students’ test referred to. The students tested six insu- 
lators; the power company tested 12,000. The power 
company’s test was in actual service basis on the measure- 
ment of mechanical energy; the students’ test was in a 
laboratory, based on electrical measurements of an ex- 
ceedingly difficult character, for any one who has en- 
deavored to determine the actual. losses at high voltages 
on insulators will appreciate the difficulties which arise to 
make uncertain the accuracy of electrical measurements 
under the conditions there existing. 

The experiments at Telluride early established the fact 
that leakage losses over the surface of insulators which 
were of sufficient size to prevent arcing, were of no account 
as compared with the brush discharges off of or between 
wires. No measurement made at Telluride over either 
porcelain or glass insulators smaller than a 50,000-volt 
type showed a loss per insulator so high as does the 
measurement recorded by the Telluride Power Company 
and mentioned above. Measurements made at Telluride 
came more nearly to actual working conditions than any 
other thus far published, and it is, as stated, generally 
conceded by engineers that the results of the Telluride 
work in the direction of insulator leakage embody the 
most satisfactory and accurate experimental work thus far 
accomplished. For the present, then, all that can be said 
regarding insulator leakage is that it does not,-in all 
probability, exceed four watts per insulator, at 44,000 
volts on the line and under abnormally severe conditions, 
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If the depreciating word ‘‘queer’’ be 
substituted for the word ‘‘original’’ ap- 
pearing in the line adjoining this, there 
will be derived the caption of an editorial 
which appears in a recent issue of an 
American gas journal, commenting on an 
able paper and discussion, brought before the last meeting 
of the Pacific Coast Gas Association by Mr. John Martin, 
both of which appear in full ou other pages of this num- 
ber. The paper deals with practical power transmission 
in an original way that is characteristic of its writer. 

Mr. Martin finds no fear in facing facts, as is abun- 
dantly proven in his treatment of the question of water 
supply in some California transmissions. In truth he 
seeks them out from their remotest hiding places that he 
may know them, and knowing them, he appropriates them 
or circumvents them always to the advantage of the 
interests he represents. No one is less partisan than he, 
for he bends steam and water power, gas and electricity 
to his will, either singly or in combination, as may best 
solve the commercial problems he has in hand. He 
recognizes no feud between gas and electricity; he knows 
no petty rivalries. 

When such a man speaks from out the bounties of his 
experience in his own specialty, it is indeed presumptious 
to brand his words as ‘‘queer’’ and unworthy. 

‘*Practical Power Transmission’’ touches upon ques- 
tions pertainiug to adequacy of water supply, tributary 
markets—perhaps better con-tributary markets— and 
certain features of installation, after which it brings up a 
point that is of vital interest to gas companies operating 
electric lighting and power plants in localities threaded by 
power transmission lines. ‘The contention of the paper is 
this: It is better to buy electric current in bulk from a 
power transmission company than to make it in a local 
central station, even though the cost be, say, 15 or 20 per 
cent. greater. 

This is so radical a departure from general proced.ares 
in electro-economics that it appears to be utterly beyond 
the comprehension of our eastern gas contemporary. 

The analysis of Mr. Martin’s argument is best pre- 
sented in the digestion of his paper and the discussion 
which follows it, but the serious point for reflection rests 
in the statement that if the money ordinarily spent in 
building a central station for electric lighting and power 
service, with all the financial responsibilities attendant 
upon its maintenance, could be expended instead in de- 
veloping a distributing system, the electric service could, 
if wisely managed, be extended and popularized to a 
degree that would increase the earning capacity of the 
system far over and above the possible increased cost of 
buying power from a transmission circuit. 

That which Mr. Martin states is the recital of con- 
dition. It is not the elucidation of a theory, and if it is 
beyond the comprehension of our eastern gascontemporary, 
it is because of bigotry —the bigotry which blinds to the 
sisterhood of the gas and electrical industries, which 
persists, with the pestilential perversion of the yellow 
press, in fomenting conflict between them, and which 
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heeds not the voice of the times, ever teaching the 
strength of concerted action and the weakness of com- 
petitive strife between industries that are inherently allied. 


A feature of recent industrial develop- 
ment has been the attention paid to the 
utilization of water power. In our early 
history water powers played an important 
part, as at Paterson, Lowell, Manchester 
and elsewhere, but with the development 
of our coal resources and the improvement of the steam 
engine, water power fell gradually into disuse. While 
those already employed continued to be utilized, few new 
ones were brought into use, and manufacturers centered 
at points where cheap fuel and convenient transportation 
could be had. Little was heard about water power except 
in a few local enterprises, and in cases where extraordinary 
advantages were offered, as at the Great Falls of the Mis- 
souri in Montana. 

The subject is one which has long been receiving great 
attention in the columns of the engineering press, and 
only recently a well known publication,* in discussing 
the matter from the standpoint of the mining industry, 
points out that the revival of interest in water powers dur- 
ing the past few years has naturally followed the de- 
velopment of electricity, and the realization of the pos- 
sibilities of electric transmission of power. The fact that 
many water powers are located at points where the build- 
ing of mills or factories would be difficult, and where 
transportation would be costly, had prevented any use 
being made of them; but when no building was needed at 
the fall, except a small power house, and the factory could 
be located anywhere within a radius which improvements 
in electricity gradually increased from 10 to 100 or more 
miles, the case was entirely different. The introduction 
and development of the different forms of impact wheels 
also assisted in the new movement, making it possible to 
use small bodies of. water with a high head. Streams 
were thus made valuable which has not proviously been 
taken into account. 


THE 
UTILIZATION 
OF WATER POWER. 


These considerations lead to activity in taking up and 
developing water powers in this country to an extent 
heretofore unknown. In Europe this has been the case 
even to a greater extent, on account of the generally high 
cost of fuel. In Southern France, in the region border- 
ing on the Alps, and also in Switzerland and in parts of 
Germany, where there are mountain streams having con- 
siderable falls, the use of water power has extended very 
rapidly. ‘The larger enterprises involving the use of such 
rivers as the Rhone, the Rhine and the Danube are well 
known. 

In this country the best known water power develop- 
ments besides those mentioned above and at Niagara have 
been in the Northwest and on the Pacific Coast. Many 
others are projected or in progress, however, and we may 
expect to see in a few years very few water powers which 
are not made to work for some purpose. 
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POSSIBILITIES AND LIMITATIONS OF ELECTRIC 
PUMPING. 


(Continued from page 219.) 


a hoist above, and motors wauld be protected from water 
by light sheet iron hood. 

Such a combination worked out to suit local condi- 
tions anywhere would provide a much more efficient 
mechanism than those now in use, as the initial stage of 
any mine pumping—and would be equally useful what- 
ever method were adopted for handling the water out of 
the mine. 

If the water were permanently lowered to a given 
level, from which a high lift was required, some form 
of pressure pump, equipped with Riedler valves and 
cranked to the extended shaft of specially wound motor 
would best meet the requirements, but for the lower 
levels, at least during the lowering process, the writer 
would propose centrifugals at each station level in series, 
on the ground of flextbility and convenience in extend- 
ing the system. 

Compressed air for ventilation and machine drills 
must always be available for mining operations and sta- 
tion motors could be protected from accidental flooding 
by a light water tight iron housing into which com- 
pressed air could be admitted to prevent the plates, from 
buckling under water pressure, and the same means 
could be used to secure ventilation when the motor was 
in operation. Such a system would compare favorably 
in performance with anything now in use, and in case 
of back flooding and accident to any of the submerged 
motors the sinking pump would be available to work 
down from whatever level the water reached while no 
power was available. 


Another use which the writer believes will be found 
for centrifugals is that of hydraulic mining. There are 
many locations where placer ground has been above 
available water supply which, with cheap electric power 
operating gangs of centrifugals in series, can be profit- 
ably worked. 


It had been my hope for some time to present tests 
of a quadriplex centrifugal at this meeting, which will 
throw new light on a number of disputed points. The 
plant in question was originally designed under the 
writer’s specification to pump 2800 gallons of water per 
minute from the Colgate penstock of the Bay Counties 
Power Company to Lake Francis, a distance of two 
miles with a vertical lift of 430 feet. Surplus water de- 
livered by the flume during the period of light load was 
to be used on the Colgate drop to generate power to 
drive a 500 horsepower synchronous motor operating 
the pumps on the load mentioned, while during peak 
conditions the motor would be disconnected from the 
pumps and driven as a generator by a water wheel using 
water from the pump main under pressure head from 
Lake Francis and the water so used would again be 
available on the Colgate drop for increasing the output 
beyond the capacity of the flume. Changes in the plans 
for handling the peak load eliminated the condition 
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which had made the plan desirable, and it was now being 
finished up for use in moving several hundred thousand 
yards of earth, by slucing, into the raising and reinforc- 
ing of the embankment forming Lake Francis. A simi- 
lar pump, on a smaller scale, is now in successful use in 
placer mining operations in the central part of the State 
and offers the advantage of a large quantity of water 
under low pressure for cleaning up and hauling away 
material broken out with a smaller stream under heavy 
pressure. 


The limits of this paper will only 
permit me to touch briefly this branch of 
the subject which in itself might easily 
occupy the entire time assigned to me. 
Much of what has been heretofore said 
irrigation is applicable to small water 
works and the centrifugal will find an _ enlarg- 
ing field of usefulness in this direction. The 
economy of small centrifugals delivering a thousand 
to fifteen hundred gallons per minute can be maintained 
if properly designed through a considerable range of 
draft and pressure within quite narrow margins. <A 
test by the writer of such a pump shows less than four 
per cent range in efficiency when pumping from 700 to 
1400 gallons per minute and with changes in pressure 
from 30 pounds to 46 pounds, the range of lift being 
from 70 feet to 110 feet. 


CENTRIFUGALS 
FOR 
WATER WORKS 


in regard to 


In larger plants for city use electric applications come 
into direct competition with the most highly specialized 
and efficient machinery made, and the comparison be- 
tween modern vertical triple expansion pumping engines 
with pump and steam cylinders in line and the best forms 
of power pumps direct geared to motors with the neces- 
sary speed reduction between motor and pump if made 
on the basis of efficiency cannot fail to flatter the high 
duty pump. In such cases, however, efficiency may not 
tell all the story and it may well happen that the ad- 
vantages incidental to cheap water generated current 
relatively low first cost of apparatus used and economy 
of attendance will more than overcome the difference in 
efficiency. In electric applications on a larger scale an 
economy of 250,000 foot gallons per kilowatt hour should 
be attained against a possible comparative performance 
of 300,000 foot gallons by the best steam pumping 
engines. 


The ultimate economy of either plan is a matter of 
nice engineering investigation which requires complete 
data of fuel, power and investment costs in conjunction 
with accurate knowledge of what may be expected in the 
way of performance by existing apparatus. It must, 
however, be apparent to any one familiar with the sub- 
ject, that the issue is an open one, and that local condi- 
tions may easily overbalance other considerations and 
make the electric plant the more economical. 

Manufacturers become the repositories of accumula- 
tions of specialized information pertinent to their own 
line of work, but the writer believes it to be the province 
of the engineer to so keep so closely abreast of the best 
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practice as to be able to give his clients the advantage 
of selecting the apparatus best suited to his requirements 
and such advice is valuable proportionately as it is based 
on a comparative knowledge of all the apparatus avail- 
able. 

The writer wishes to disclaim any prejudice or pref- 
erence for any particular style of pump, and would con- 
sider himself bound to use or recommend for a given 
duty the pump best suited to perform it. If there is any 
leaning in his mind toward a rotary or centrifugal type, 
it is because of the advantages and possibilities offered 
by reason of the single revolving element in direct con- 
nection with electric motors, but the prominence of this 
thought is due simply to the fact that the discussion is 
understood to be concerning electrical apparatus. 





DISCUSSION OF PAPERS READ. 


Following is the official report of the discussion before the 
Fifth Annual Convention of the Pacific Electric Transmission As- 
sociation on ‘‘Climatological Influences and Electrical Transmis- 
sion,” by Prof. Alex. G. McAdie; “ Possibilities and Limitations 
of Electric Pumping,’’ by Lewis A. Hicks, C. E.; and ‘“‘Telephone 
Service in Connection with Long Distance Power Transmission,”’ 
by T. E. Theberath : 

THE CHAIR. Do the members wish to discuss Prof. McAdie’s 
paper? 

Mr. Pook. I would like to ask whether it has been determined 
what percentage of moisture there is in those dense fogs ; that is, 
the weight per cubic centimeter or cubic meter, or something of 
that kind? 

Mr. McApik. In a dense fog, at a dew-point of 50° F., every 
cubic foot of water vapor weighs about four grains. That is the 
weight. I have made an approximate measurement of the amount 
of water vapor in an average fog off the Heads, and I am sorry to 
say I have forgotten the exact amount, but it is something like a 
million tons--a tremendous amount of water. If reduced to 
rainfall, it would be the equivalent of about ;;4,ths of an inch of 
rainfall, and that would make a pretty good shower. 

Mr. Masson. Is there any salt in that vapor? 


Mr. McApI£. You will have to ask a chemist. I don’t know. 


THE PRESIDENT. Mr. Hicks’ very valuable paper is now open 
for discussion. 

Mr. C. O. PooLe. I would like to ask the writer what is the 
limitation on a single centrifugal pump as to lifting, and when it 
becomes necessary to compound, according to his practice. 

Mr. Hicks. There is no limit from a hydraulic standpoint. 
As far as pressure generating is concerned, the limitation is purely 
a structural one. As the size of the runner is increased to attain 
peripheral speed, the total pressure on the shell is also increased, 
and as the area increases as the square of the diameter it is evident 
that it would soon become impracticable to build the pump. The 
natural limit where compounding seems desirable appears to be 
about 1oo feet. The pumps, for instance, of the Bay Counties 
Power Company are very heavily ribbed. They are ro-inch 
pumps, with 40-inch runners, and a 40-inch runner of itself creates 
an enormous side pressure, which has to be taken care of struc- 
turally. The limitation in the other direction is purely one of 
peripheral speed. Whether that peripheral speed increase is ob- 
tained by increasing the revolutions with the same diameter of 
runner or by increased diameter with the same revolutions, would 
be immaterial. 

Mr. Pook. Wouldn’t the slippage increase materially as the 
pressure increases, so that the pump would be less efficient with 
higher heads than at lower heads? 

Mr. Hicks. It has not been found to be so. As I noted in the 
paper, there is room for some dispute on that point; but all the 
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information I have, both practical and theoretical, would lead me 
to believe that the efficiency of the gang-pumps would not be less 
than that of the individual members of the combination, and if 
anything would be rather more, on account of the volumetric 
considerations. 

Mr. PooLe. In relation to the compressed air system of elevat- 
ing water, I understood there was considerable damage done to 
wells by improper use of the air. Has that come under your 
notice ? 

Mr. Hicks. I think it isa mistake. The damage done to any 
well through draft upon the well, is due to imperfection in the 
method of perforating and sinking the well. So long as the draft 
is not so excessive as to, perhaps, connect with some vein of very 
fine sand or something which would entirely cut off the flow of 
water, no damage can be done, and there could not be any more 
damage done to the well with air than by any other form of draft. 
The resulting damage would be purely due to excessive draft — not 
in any sense to the cause of that draft. 

Dr. C. G. BALDWIN. I would like to ask about the efficiency 
of the rotary type. Doesn’t it wear? 

Mr. Hicks. The efficiency of the rotary pump is very satis- 
factory when first put in operation, and if the water had no sand 
in it, and everything continued to be perfect in its operation, it 
might continue to be so indefinitely, but most of our California 
wells admit a certain amount of sand, and the deterioration of any 
form of rotary pump depends upon its clearances, and it decreases 
in efficiency very rapidly. A centrifugal pump is not a rotary 
pump in that sense. 

MR. PooLk. Isn’t that less noticeable on the enclosed runner 
type than it is on the open runner ? 

Mr. Hicks. I don’t quite follow the question, Mr. Poole. 

Mr. PooLk. I refer to the difference between 
runner and the open runner. 

MR. HICKs. 

Mr. Poole. I am speaking of the enclosed runner type cen- 
trifugal pump, a whirlpool pump. I think the pump is manu- 
factured by Byron Jackson. The distinction 1s in being in an en- 
closed runner; the water doesn’t come in contact with the casing 
of the pump. 

Mr. Hicks. I think all manufacturers now recognize the fact 
that enclosed runners are the only ones suitable for high lifts, and 
the remark I made in regard to the deterioration of rotary pumps 
does not apply to centrifugal pumps. I was answering Dr. Bald- 
win’s question in reference to what would be described as a 
rotary pump, which depends for its efficiency upon the con- 
tinuance of small clearances. 


the enclosed 
The wearis less perceptible, isn’t it? 
You are speaking of which.type of pump? 


The slip in a rotary pump, which is 
a positive pump, increases very rapidly, with the wearing of sand 
and other matter between the case and the runner, and this 
tends to cause the efficiency to deteriorate rapidly. 

MRr.J. A. LIGHTHIPE. I would like to ask if you have any data 
on that Comstock injector pump? 

Mr. Hicks. I haven’t any that I have taken myself. I under- 
stand that the efficiency with new nozzles runs up to 32 or 33 per 
cent., and that as the nozzle wears, which takes place very 
rapidly, it runs back to 12 or 15 per cent. 

Mr. LIGHTHIPE. I understand from Mr. Hall that the efficiency 
was greatly increased by blowing compressed air in the pipe half 
way up, making a combination air lift and injector pump. I 
I don’t know whether there are any accurate figures. 

Mr. Hicks. I have’ntany. But the efficiency of the whole 
combination is very bad. 

Mr. LIGHTHIPE. Yes, I know that. 

Mr. Hicks. And the suggestion of the sinking pump made up 
of motors and centrifugals is one that on its face would havea 
very satisfactory efficiency. We are thoroughly familiar with the 
possibilities, and there is nothing experimental in the idea. 

Mr. L. M. HANcocK. I would like to ask if you know of any 
cases where the centrifugal pump has been used for mining pur- 
poses, either for sinking or station work. 

Mr. Hicks. It is used in a number of places for direct lifts in 
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mining work. I don’t know of any place, personally, where it 
has been used as a sinking pump in such a combination as sug- 
gested. There has been a sinking pump made with a single cen- 
trifugal and a single motor, and it is nowin use. I don’t know 
whether any trouble has been encountered in connection with its 
use or not. That would be purely a matter of the arrangement 
of the shaft, and of the mechanical carrying out of the idea, but 
the answer to the question is that they are in use, both in sinking 
and in station work, but not upon the extended scale that I 


speak of. 
Mr. HANCOCK. On this coast ? 
Mr. Hicks. Yes. 
Mr. PooLk. I would like to ask Mr. Hicks, in his experiences 


in the southern part of the state, what price he would have to sell 
current for, in order to compete with gasoline engines, and crude 
oil engines that they have there? 

Mr. Hicks. In making up this paper, Mr. Poole, I have gone 
over my office books and made some generalizations, but I 
couldu’t answer that question off-hand. I think Dr. Baldwin, who 
is here with us, is thoroughly familiar with the cost of operating 
gasoline engines in southern California, and with the relative 
power cost. Probably he can answer the question. 

Dr. BALDWIN. I tested gasoline engines and the best result I 
was able to get I compared with those from southern California 
generally; and then we had the very best plant for pumping by 
electric current—the Chase Nursery Company plant, a neighbor 
within 500 feet. We thus had a pretty good chance to test the 
matter. I think it ranged in this way —of course I can’t give it 
exactly — but two cents and a half per horsepower per hour, 
which required no attendance, was practically equivalent to the 
cost of fuel and attendance at a gasoline plant of twenty-five 


horsepower. That is very close ; it would be a shade one way or 
the other. 
Mr. Hicks. Were the lifts the same ? 


Dr. BALDWIN. Just the same. 

Mr. Hicks, And the quanties handled ? 

Dr. BALDwin. They were the same. I looked into it care- 
fully, because we were about to sell current at a cent and one- 
half, and I was figuring profits. 

Mr. Hicks. I am using a forty-six horsepower crude oil Best 
engine, that, as closely as we can determine from daily use, will 
average us just a fraction over a cent per indicated horsepower 
per hour, and it is the cheapest power use I know of in such small 
units. That, applied to pumps, would give a better record than 
Dr. Baldwin stated. 

DR. BALDWIN. I would say that the gasoline engines that we 
use came pretty close to a cent an hour per horsepower, but there 
are a good many other attendant expenses, and their gross ex- 
pense, one compared to the other, without attendance, amounted 
to just about the same thing; so that it is just about a standoff. 

Mr. R. S. Masson. Did that one cent include attendance ? 

Mr. Hicks. No. In that case attendance is not an element of 
cost. The attendant had other duties. Duties-were being per- 
formed adjacent to the engine. 

THE CHAIR. Mr. Theberath’s paper is now open for discussion. 

Mr. C. W. Hutton. WhenTI learned that Mr. Theberath was 
to read a paper on telephone lines used in connection with high 
potential transmission circuits, I looked up an article on line 
disturbance, which appeared in the American Electrician some 
time ago.* It has some very interesting points in it with 
which Mr. Theberath, and others who are present, are doubtless 
familiar. 

MR. THEBERATH. In answer to the article that Mr. Hutton 
refers to, I would like to ask him if he remembers the experiment 
we made on the Sacramento telephone line when we cut in a 
transposition in the center of the line, and then took it out again ; 
whether he remembers noticing any difference in the line? 

Mr. Hutton. No, I do not. 


*American Electrician, Volume IX, page 323, August, 1897. 
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Mr. THEBERATH. 
made no difference ? 

Mr. Hutron. Apparently not. * 

MR. THEBERATH. As far as I can judge from the article, it 
recommends leaving one transposition in. 

Mr. Hutton. In the Sacramento line—in each case he speaks 
of where there are two wires, and one telephone wire is nearer to 
that disturbing wire than the other one. Of course, in the 
Sacramento line, when you have the wires arranged in a hexagon, 
the center point of both transmission circuits is the same point. 
In other words, the two centers are not the same, and the tele- 
phone wire being on a cross arm below, two wires equally distant 
on each side are a line drawn down there, and a line drawn 
through the two telephone wires would cut each other at right 
angles. Therefore, theoretically, as far as I can see, there should 
be no effect on that whatever, if there was not any transposition 
in it. But where there does seem to be some connection in 
regard to this on the Bay Counties’ line, would be where you have 
two circuits, that is, two polelines. The telephone line in one 
case is directly under the one power circuit, and it would seem, if 
conditions were exactly right, that there would be no effect on 
the telephone wire from the circuit above it, but as the two wires 
are side by side, and the other circuit away from it, it would be 
practically the same as beginning to put one of the wires above 
the other one on the same poleline. That is, the effect would be 
that. The distance is considerable, but at the same time the 
wires on your telephone wire being 4 feet apart, it appears that 
there might be some effect on that if that other poleline was 
energized. 

Mr, THEBERATH. In answer to that, I will say that I have 
taken some measurements on the telephone line of the Bay 
Counties’ line with power on one circuit. In other words, there 
was power on the circuit on the poleline carrying the telephone 
line, and the conditions I speak of in the paper, which was 124 
volts to ground from one wire, and zero volts to ground from the 
other wire, and no voltage between the wires; at the same time 
seventy-two volts from each wire to ground at the power house 
end. The following day the current was passed over the other 
pole line, so that the transmission wires were 25 feet away from 
the telephone iine, and the measurements taken under those con- 
ditions were twenty volts to ground from either one, and no volt- 
age between wires. However, the line is not in condition yet to 
say that we are absolutely clear of grounds on the telephone line. 
It being such a long line, it is difficult to get correct reports, to 
know whether the conditions that you have at the time of making 
the test are the result of grounds or the result of something else. 

Mr. LIGHTHIPE. I have not had very much experience in 
troubles with telephone lines. The San Joaquin Electric Com- 
pany, the Southern California, and the Power Development Com- 
pany, have never, to my knowledge, experienced any trouble at 
all with their telephones. The eighty-three-mile line of the 
Southern California is practically silent — that is, if the telephone 
circuit was not grounded, was clearly metallic, you couldn’t hear 
the slightest sound on the transmission line. The transpositions 
are perfect, I should say. The Fresno line is in practically the 
same condition. I have never noticed any difficulty with the 
telephone lines. We have always cleared them, and cleared them 
as we laid them out. If the transpositions of the telephone line 
are perfect, I don’t see where the trouble comes in atall. We 
have never had a noisy line in any work that I have been con- 
nected with. 

THE PRESIDENT. That is 33,000 volts ? 

MR. LIGHTHIPE. 33,000 volts, eighty-three miles. The minute 
there is a ground on the telephone line, the disturbance is terrific; 
you can’t telephone. But as long as the telephone line is clear, 
the receiver is almost absolutely silent. 

Mr. Hutton. How often is it transposed ? 

MR. LIGHTHIPE. Every fifth pole. : 

THE PRESIDENT. Mr. Poole, can you explain how our tele- 
phone line clears? 


In other words, the centers of transposition 
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MR. PooLk. I don’t think we are quite ready to discuss our 
line just yet. 

THE PRESIDENT. The Bay Counties’, then. 

MR. PooLk. With reference to the paper referred to by Mr. 
Hutton, it seems to me that it is almost purely a theoretical 
paper, and it does not state what voltage the experiments were 
made with. I presume it was probably a laboratory experiment. 
Mr. Theberath, it seems to me, has offered us the nearest to a 
formula, or a method of transposing lines for silencing telephones 
than anything I have seen or heard of, if it will only hold good, 
and it seems from his experiment, as though it is all right. I 
think the voltage of the line, and the proximity of the telephone 
wires to the power line, should be studied as an individual case. 
I think every time you raise the voltage you have to change your 
conditions, and the electrostatic effect, I think, on the telephone 
line is probably worse than the inductive effects on the extremely 
high voltages. Asan example, we put a voltmeter on our line, 
and got a thousand volts, so one of our linemen wanted to know 
how far from the small towns the telephones were ; but recently 
we have made some changes that have bettered it very much, and 
we have no difficulty in making ourselves understood over fifty 
miles of line, and the distance between our power line and the 
telephone line is, in some places where the line sags down, not 
more than 3 feet, but we are spreading it somewhat further, and 
changing our transposition somewhat, so I think we will have no 
difficulty in getting it to operate satisfactorily. 


Mr, Hutton. I would like to ask Mr. Poole how his telephone 
wires are transposed, or are they transposed at all; the power 
wire? 

MR. PooLE. We have kept our power lines throughout straight, 
right from the power plant clear into the different sub-stations, 
and on our first telephone line we transposed every eight poles. 
On the line we are putting up now we are transposing every four 
poles. These transpositions call to my mind a conversation I had 
with Mr. Allston, the electrical engineer for the Pacific States 
Telephone Company. He has had a great deal of experience in 
telephonic disturbance. I asked him for a formula, or some 
method of pre-determining what the effect would be. He said: 
‘*The more you get out and try it, the more you will know about 
it. We havea process of transposing every eight poles, and if 
that doesn’t work we transpose every fourth pole, and if that 
doesn’t give satisfaction, every other pole, and sometimes every 
pole, and sometimes we feel like putting in an interposing pole.”’ 
He says he has uever found any way of predetermining what 
those effects will be. It is simply a cut and try method. 

MR. THEBERATH. I would like to add that so far our experi- 
ence has not indicated that inductiveness is our greatest trouble, 
but instead it is the electrostatic capacity we get on the telephone 
wires under high potential —in other words, if an insulator breaks 
down we immediately have trouble on the telephone line, and in 
a line 142 miles in length, the electrostatic capacity becomes 
something serious, and sufficiently so to burn out the telephone 
instruments. I think an investigation that would find out how 
we can get rid of the electrostatic effect of the telephone line in 
connection with high potential transmission lines is of greater im- 
portance than an investigation of induction effects. 


Mr. Masson. I believe that some of the ‘“‘electrostatic’’ cur- 
rent which is said to interfere with telephones is electrodynamic 
current from the main power line going to earth or perhaps back 
to the other wire. There seems to be a tendency to use the poles 
and cross arms for insulators, and they do help a great deal. I 
believe that in some cases the power line becomes partly grounded 
on one pole, or an insulator becomes defective, and that a circuit 
is created through the power line insulators down the pins and 
cross arms as far as the telephone line, and then leaks through 
the rather lower resistance telephone insulators and travels along 
on the telephone wire until it comes to a similar defective insu- 
lator at another place, where it probably crosses back, or, if it 
does not find such an insulator it travels to the end of the line. 
There is no definite information on that point, but it looks pos- 
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sible, because the higher voltages continue to tnake more trouble 
in the telephone lines ; it seems that high voltage has a great 
deal greater tendency to leak or to actually flow through the 
telephone lines than it has to create an unbalanced static or mag- 
netic condition. We do know that as soon as an insulator of the 
main line becomes defective telephones create a terrible uproar. 
There is some reason why this should happen directly from the 
magnetic conditions, but there is no apparent reason why it 
should occur from change in the static conditions. I would think 
it was advisable to watch that matter and see if the disturbance 
didn’t follow directly on the breaking down of the main line 
insulators, or the partial breaking down of them, and create an 
actual flow of current through the telephone wire. In cases 
where they get as high as a thousand volts it looks as though 
there was decidedly a dynamic current. There are. no kinds of 
static condition, that can produce anything like that voltage, pro- 
vided they use a transformer and voltmeter to get the reading. If 
you use a static voltmeter, a very small amount of current might 
produce that reading, but if the reading was taken with an ordi- 
nary voltmeter it would seem as though there was a flow of cur- 
rent there which could not be produced by static conditions. 

Mr. W. W. BricGs. An official of the Western Union Tele- 
graph Company advised me that, coincident with the starting of 
the Bay Counties’ lines, he had considerable trouble with his 
quads. I am not sure whether he was right in his assumption 
that it was the Bay Counties’ line, but think that he might have 
got tangled up with the Truckee river line. However, he was 
positive as to the time and date at which his troubles commenced, 
which perfectly agreed with the time of the starting of the Bay 
Counties’ line. 

Mr. Hancock. I hada ride day before yesterday with one of 
the law department men of the Western Union, and he stated 
that there had been no interference reported at all along the 
Western Union lines until today. 

MR. THEBERATH. I was talking with the telegraph manager 
of the Southern Pacific telegraph lines, and I asked him whether 
he noticed any disturbance since we started up. He said he 
didn’t know that we had started ; but he said he had experienced 
considerable trouble in Los Angeles from a 33,000-volt circuit. 
They are having a great deal of trouble there. They have to go 
five miles out of town to get a ground connection without having 
a disturbance on their line. 

MR. LIGHTHIPE. Isn’t the secret this: transpose the telephone 
line, the oftener the better, irrespective of any theoretical lay-out? 
As Mr. Poole says, have the telephone lines transposed every 
eight poles, and if that don’t do, every fourth, and if that don’t 
do, every second pole, and then every pole? Wouldn’t it be 
good policy to build our lines transposed every pole, or every 
other pole to start with? It doesn’t cost very much. 

Mr. THEBERATH. In answer to that, I would like to givea 
practical illustration in connection with the Sunset Company’s 
line from Brown’s Valley to Marysville. The distance is about 
twelve miles, under a 16,000-volt power line, and, as I say in the 
paper, they transposed it first every ten poles, and afterwards 
transposed every five poles, and finally wound up with a trans- 
position every other pole, with the result that it remained the 
same under all conditions of transposition. The plug jack from 
the metallic loop under the power wire was alongside of a 
grounded circuit on the plug board, and it was very disagreeable 
for the operators there to get alongside of a grounded circuit, and 
the static charge on that line was sufficient to knock the operator 
off the chair. That condition was not changed until the power 
wire was spiralled. Then the condition changed on the line. In 
other words, changing the transposition in the telephone line 
from ten poles down to every other pole seemed to make no 
difference, but the simple fact of putting in three spirals in the 
power line, making four complete turns, or a complete turn with 
four spaces, eliminated the trouble. That seems toindicate to me 
that it is not of as great importance to transpose the telephone 
line as it is to spiral the power line in proper relation to the 
phases on the line. 
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In figure 1 let Z,, Z,, Zs, Ay, ete., represent the direction of 
the electromotive forces on the power line, and Z,’, £,’, Z,;’, £,’ 
represent the resultant inductance on a parallel conductor. In 
the case of a three-phase line, with a %-turn at every mile, the 
sum of the induced electromotive forces on a parallel conductor 
will, therefore, be zero for every three miles. 

Similarly, in figure 2, for a two-phase line, the sum will be zero 
for every four miles if the power line is transposed -turn at 
every mile, 

If any transpositions are put in the telephone line at all, they 
should be put in at the transposing point in the power line, and 
if any further transposition is required in order to avoid cross-talk, 
they should be put in intermediate between the transposition 
points. In my opinion, the transposition or spiral of the power 
line in reference to the current that it is carrying is of greater im- 
portance than the transposition on the telephone line. 


Mr. Pook. It seems that if Mr. Theberath’s explanation is 
correct, the idea that Mr. Masson advances—that of its being 
actual dynamic current that caused the disturbance —we would not 
get any effects by transposing the line, because the dynamic 
leakage would be the same in any event. It is simply a matter of 
insulation, and, as a matter of fact, we do know that transposing 
either the power line or the telephone line will give different 
results, and it is quite possible to make it practicable, to talk over 
the line by transposing either one or the other. 


Mr. Masson. I did not offer that as a criticism of any former 
discussion. The things that Mr. Theberath says are very true. It 
was only as a possible remedy for the extreme troubles, such as 
burning up telephones and getting all sorts of voltage. We 
certainly get all the effects that Mr. Theberath described. There 
is no doubt that transposing the power line is the best way to 
quiet the telephone. But the question arises, do we use the 
power poles to carry a telephone line, or do we use the telephone 
poles to carry a power line? Transposing the power line is not a 
very good thing to do, and, in building a line, my advice is to run 
the power line in the most satisfactory way in regard to strength 
and other advantageous conditions. Then, if we wish to use those 
poles to put a telephone on, put that on in some way to make it 
work, because a telephone is merely a convenience, or, perhaps, 
a necessary part of the operation, but we can put that on in a 
great many ways. I would not advise a man to transpose a 
power line for the benefit of a telephone line unless lie could do it 
without disadvantage. I would rather transpose the telephone 
line, or run it out in some other person’s lot, than to interfere 
with the working of the main line on account of the telephone. 
As an example of transpositions of the main line, I will say that 
we have some lines which are only four miles long in which there 
is a transposition every 24 inches, and we can use a double wire, 
or a single wire, or anything else, and can’t get any noise what- 
ever, and the telephone wire is put an inch and a half from the 
three transmission wires. We can’t get a sound out of a cable 
which is continuously spiralled, with a complete turn every 6 feet. 


Mr. Gro. C. HOLBERTON. I have a telephone line that is 
transposed every nine inches, and have no difficulty whatever. I 
had occasion to telephone, without creating much disturbance, 
from the office, where a man can’t use his voice to its greatest 
extent, and I used the pressure wire which goes to our station; I 
used that for a telephone, and could hear a whisper without any 
trouble. That is a cable that has a pitch of about 9 inches. The 
results on that were perfect. 


MR. Poole. It seems to me that about the best solution of 
that would be to take the insulating wires and wrap them together 
and string them on one insulator. 


Mr. R. McF. Dose. Like Mr. Lighthipe, I have had prac- 
tically no trouble at all with the telephone circuits on the trans- 
mission lines. The Mount Whitney transmission line is a single 
circuit, three-phase, and there is no transposition in it. The 
telephone line is transposed every tenth pole, and as long as the 
conditions were normal there was no trouble at all, but should 
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one of the power lines become grounded, or broken, then the 
disturbance on the telephone was very severe. That occurred 
sometimes when there wasa break in the power line that was 
many miles distant from the telephone line. In explanation of 
that, I would say that from the power house to Visalia the tele- 
phone line was on the power transmission poles, but in other 
places there is no telephone line, but the Sunset is used, and on 
several occasions when the power line came down, many miles 
away from any telephone line, the disturbance was soserious as to 
burn up some instruments and start a fire in one of the sub-stations. 
But so long as the power line was intact, there was no disturbance 
at all. On the Snoqualmie Falls transmission there are two pole- 
lines and two circuits on each poleline. The telephone line is on 
one of the polelines. The power circuit is transposed about once 
in every three miles—spiralled. The telephone circuit is trans- 
posed about every fifth pole. That works very quietly and very 
satisfactorily ; even when there is heavy snow, and the snow 
becomes piled up on the cross-arms. Once or twice when there 
was a leaky insulator, there was some little disturbance on the 
line, but nothing very serious. I rather agree with Mr. Masson, 
that in many cases the trouble is due to leakage from the power 
line to the telephone line, and I think a remedy in that direction 
would be the use of better insulators on the telephone line. In 
many cases they put on ordinary pony insulators. If the insula- 
tion resistance between the telephone line and the poles and 
cross-arms of the power line were greater, it would eliminate that 
difficulty to some extent. We found also that when the trouble 
came on the telephone lines of the Mount Whitney system, 
owing to defective insulators, or main line down, it seemed to af- 
fect the entire Sunset system in every direction in the county. 


Mr. HANcocK. A short time since there was an article in the 
Electrical World and Engineer, which stated that in a Colorado 
plant they abandoned entirely the use of telephones on their 
40,000-volt line where they had a star connection, neutral grounded. 
I would like to ask if any one can give us information in regard 
to what was the trouble with this line. 

Mr. Masson. The trouble was to the men that were using it. 


Mr. DosLE. Looking forward to higher potential transmis- 
sions, is it not, on the whole, a very dangerous practice to use 
the power poles for the telephone circuit? More than one death 
has occurred from accidentally crossed wires. We should bear in 
mind also that the telephone circuit underneath the power trans- 
mission is a constant menace, because, should one of the power 
lines break and fall across the telephone line, especially where 
they have the center grounded, there is immediately a consider- 
able potential, sufficient to cause death. It probably may come 
to using power transmission poles for the transmission of power 
only, and putting the telephone circuit on a separate poleline. 
That is carrying, to some extent, Mr. Masson’s idea—to build 
your power line for power purposes, and then do the next best 
thing you can with your telephone. 

Mr. Pook. That is exactly what the Standard Electric Com- 
pany has done. We have kept our lines separate from the 
power house clear through, so that in case of trouble there would 
be no difficulty in remedying it with as little delay as possible. 
We propose to experiment with the telephone line until we get it 
so we can use it, The telephone wires are of secondary importance. 


( Adjourned.) 





THE JOURNAL OF ELECTRICITY, POWER AND Gas, which is 
published at San Francisco, contains each month a series of 
articles devoted to high-tension transmission work. The editorial 
offices of our contemporary are situate right in the middle of the 
best field for high-tension transmission work, and it has used its 
opportunities to the best advantage. In consequence, we know 
of no better source from which to obtain practical hints as to the 
difficulties to be overcome when designing large schemes for the 
transmission of electrical energy at abnormally high voltages.— 

The Electrical Engineer, London, page 327, Sept. 6, 1901. 
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PRACTICAL POWER TRANSMISSION.* 
BY JOHN MARTIN. 


HE advent of reliable high potential transformers and suitable 
line insulators for alternating currents has permitted the 
development of long distance transmission throughout the 

world during the past six or seven years, and to such an extent 
that this character of business is assuming a standard and well- 
merited position in manufacturing and illuminating circles. Pos- 
sibly no other state in this Union has afforded a greater oppor- 
tunity for the development of long distance, electrical transmis- 
sion, produced by water power, than the glorious State of Cali- 
fornia, because there is probably no other community within the 
borders of our grand Republic which contains so many natural 
resources; and yet the value of fuel has been higher with us than 
elsewhere. 

The limitations, however, of water power transmission (and 
more particularly within the state mentioned) are far more marked 
than would appear to the casual observer. The seasons are also 
peculiar, and are not conducive to the maintenance of a com- 
paratively uniform flow of water in the streams of California 
throughout the entire year. 

As you well know, the rainfall occurs in the months of October, 
November, December, January, February, March and April, with 
a slight sprinkling in the months of September and May. These 
precipitations have a tendency to accumulate a reservoir, or re- 
serve in frozen form, on the mountain sides within the state, as 
wel! as to saturate the earth, which, in some districts, affords 
underground storage. These reserve supplies are called forth by 
the action of the sun during the dry months to such an extent 
that it is not at all unusual to see the Sierra Nevadas on the 
western and southern slopes devoid of snow in the latter part of 
the month of June, and seldom later than the 15th of July. The 
rise in temperature, due to the same cause, also attracts to the 
surface of the earth the underground storage referred to, and 
these two sources furnish, in their limited way, practically the 
entire amount of water available in the streams of the state during 
the dry season, except where reservoirs or basins have been im- 
provised or constructed to assist in maintaining a larger flow dur- 
ing the summer months than the normal flow of the streams. 
Realizing this as a condition over which we have no control, it is 
the act of prudence, on the part of any person desiring to engage 
in power transmissior. or to invest in such an enterprise, that 
accurate measurements should be made and taken during the 
extreme dry period of the year, which is usually from August 15th 
until, say, ten days prior to the first precipitation of the winter or 
rainy season, in connection with any conservation which might 
be available at moderate cost as the proper basis for the installa- 
tion of a plant. 

To illustrate the variance in volume of flow in the various 
streams, I will cite three instances within my own experience of 
streams forming one common river, each stream being a fork 
thereof, the entire three streams being situated in practically the 
same locality and having practically the same mountainous area 
for frozen storage. The watershed of stream No. 1 is approxi- 
mately 20 per cent. less than the combined watersheds of streams 
Nos. 2 and 3. The maximum flow in stream No. 1, after four or 
five days’ continuous precipitation, will approximate 3,500,000 
cubic feet per minute. The maximum flow in either streams Nos. 
2 or 3 will be reached within thirty-six hours from the beginning 
of the storm, and will be maintained with a maximum flow ap- 
proximating 2,000,000 cubic feet per minute. 

In the month of August of an ordinary year the minimum flow 
in stream No. 1 approximates 25,600 cubic feet per minute, 
whereas the minimum flow of streams Nos. 2 or 3 will not exceed 
3,000 cubic feet per minute. Realizing the proximity of these 
streams, and the enormous difference in these two particulars — 
namely, the increased length of time to reach a maximum flow 
in stream No. 1, comparative with streams Nos. 2 and 3, coupled 


*A paper read before the Ninth Annual Meeting of the Pacific Coast Gas 
Association San Francisco, July 16, 17 and 18, rgor. 
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with the enormous increased minimum flow of said stream No. 1 — 


compelled the writer to seek for cause or causes which would 
demonstrate the ‘‘whyness’’ of these peculiarities. This in- 


vestigation demonstrated that the formations of the watersheds 
of streams Nos. 2 and 3 were practically granite throughout 
almost their entire area, with surface of earth ranging from 12 
inches to 30 inches in depth, thereby producing a watershed with 
limited facilities for underground storage, and consequently af- 
fording an immediate outlet for the precipitation which had taken 
place. This condition accounted for the sudden and almost im- 
mediate rise to maximum in the flow of the stream. In stream 
No. 1 the watershed consisted very largely of gravel channels, 
which afforded a large underground storage; these channels ab- 
sorbed the initial precipitations, which prevented the flow of 
water in the stream from rising to its maximum within four or 
five days after the initial precipitation. The absence of under- 
ground storage in the one case and its presence in the other also 
accounted for the enormous increased minimum flow in stream 
No. 1 as compared with streams Nos. 2 and 3. The average pre- 
cipitation for the entire watersheds of this stream and its tribu- 
taries ranges from a minimum of 40 inches to a maximum of 95 
inches rainfall (or its snowfall equivalent) per season. 

In the description of the conditions existing in this district, I 
am outlining to you probably the most favorable condition exist- 
ing in the watershed of any stream within the confines of this 
state, more particularly as to the minimum and maximum pre- 
cipitation; for, as we are all aware, in the southern part of the 
state, the minimum has been known to fall as low as 5 inches per 
season. Your attention has been directed to the above description 
for the purpose of indicating the comparatively limited oppor- 
tunity for power transmission development within our borders. 

Another consideration more particularly worthy of note is the 
enormous fluctuation of rainfall in each season, and also the 
peculiarities of rainfall in any one season. While it is true that 
the rainy season commences in October and continues until 
April, the division of rainfall in these months is frequently of more 
importance than the total precipitation of the season, in so far as 
it affects the summer flow. Asa large portion of the summer 
flow emanates from frozen storage, the peculiarities of this di- 
vision might be interesting. 

The value of this frozen storage depends entirely on two con- 
ditions: First, precipitation prior to January Ist; second, tem- 
perature during February and March. Snow falling prior to 
January rst will become well packed and of better value for sum- 
mer use, because the warm rains and increased temperatures, so 
common in February and March, will not reduce this storage ap- 
preciably at that time. If snowfall of any consequence is delayed 
until after January rst, the weather conditions are seldom con- 
ducive to the solidification of the snowfall, and it disappears very 
rapidly when attacked by rising temperatures and warm rains. 

The snow that falls in the early spring is usually light and 
fluffy, containing a much smaller percentage of moisture per cubic 
measure and less able by its own weight to become solidified. 
Therefore, the best guide to the summer flow in streams is the 
quantity of precipitation which has fallen during the first three 
winter months and the temperature during the succeeding three 
months rather than the season’s rainfall. This is more particu- 
larly true of any watershed which is not capable of providing 
underground storage. Where underground storage prevails, the 
precipitation during the latter three months of the rainy season is 
at least equal in value to the earlier rains for summer supply to 
the streams. 

From this you will see that a few natural conditions are favor- 
able, and many that are unfavorable, to a reasonably large flow of 
water in the streams of California during the last three months of 
the dry season. In the higher elevations of many watersheds 
there will be found many opportunities for conservation of water 
by the construction of dams, and where these conditions prevail, 
and the storage area can be installed at reasonable cost, this sup- 
ply can be depended upon and until utilized to augment the 
materially reduced flow in the dry season. In the streams re- 
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ferred to stream No. 1 has a minimum summer flow of less than 
Ys of 1 per cent. of its maximum, while in streams Nos. 2 and 3 
the minimum flow is less than th of 1 per cent. of its maximum. 

The winter of 1897 and 1898 was probably the dryest in fifty 
years, as determined by the records of the Weather Bureau and 
the results in the streams, and we find, during the summer of 1898, 
more than half a dozen good sized rower transmission plants 
almost entirely crippled and idle, due to a lack of water in the 
streams which had been normally supplying their wants, and this 
condition necessitated the installation of enormous steam plants, 
primarily to be used as auxiliaries to bolster up unfortunate instal- 
lations (where the minimum flow reduced the capacity of the 
water power plants), in order to properly meet the requirements 
of their patrons. In some cases this was done to such an extent 
that they might more justly be termed steam plants with water 
power auxiliaries. 

From this you will realize that the first essential necessary to 
success in power transmission is to be in possession of an abso- 
lutely reliable supply of water for each and every day of the year, 
of a minimum capacity of not less than the maximum installation 
of the plant utilizing the same. Had the same care been taken 
on the part of the early investors in this new field, the financial 
results to the stockholders would have been much more satisfactory. 

In addition to being in possession of sufficient water to operate 
the plant at all times, it is essentially necessary that a sufficient 
market be available for the utilization of said power within reason- 
able cost. The high prices which have prevailed for fuel in the 
past have been the great incentive for the investment of capital 
in transmission plants, and frequently without giving due con- 
sideration to the probability of a partial or entire removal of the 
market or competition from cheaper fuels. Where such conditions 
exist, and these plants have been installed, it merely means that 
the investor in said securities will be compelled to accept a smaller 
revenue than he had originally contemplated, or furnish additional 
capital for the extension of lines to available markets; but, even 
at the average cost of the installations which have been made, I 
am positive that all of the plants installed could be made to pay 
considerably more than their operating expenses, maintenance 
‘and repairs. From the foregoing it might properly be assumed 
that the most vital feature in connection with power transmission 
is the question of ample supply of water. 

Within the borders of this state there are now in operation 
electric power transmission plants making a total aggregate of 
more than 80,000 horsepower. These plants are utilized for il- 
lumination and for almost every conceivable character of power. 
In the mining counties there are numerous plants operating elec- 
tric hoists, pumps, stamp mills, rock breakers and gold dredgers. 
In the valleys many of the electric street railroads receive their 
entire supply from water power transmission, as well as numerous 
flour mills, smelters, powder works, cement works, ice factories, 
water works; and, in fact, almost every branch of industry is now 
utilizing and obtaining the benefits from the installation of elec- 
tric power transmission. 

When we consider that this industry is at best less than ten 
years old, and attempt to appreciate the state of perfection which 
has been reached in such a short time, it is indeed quite remark- 
able. The apparatus furnished by the various companies at this 
time is very efficient and reliable, and in most cases almost ideal. 
There are many advantages obtained in factory installations by 
the direct application of the power to the shaft of the machines, 
instead of the former way of driving from one large unit, which 
previously entailed very large losses in belt transmission, and 
counter-shaft friction. The problem of transmitting a reasonable 
distance and giving satisfactory service has been entirely solved, 
and in this connection I wish to report probably the most im- 
portant electrical transmission successin the history of the science, 
which occurred less than thirty days ago, when current was 
transmitted a distance of 184 miles, from the Yuba river to San 
Jose, since which time it has been operating the street railroads in 
that city. 

In the early history of power transm’ssion, very little considera- 
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tion was given to the character of poleline construction; but the 
weaknesses of the past were very carefully studied, and at present 
there is no reason why engineers should not be able to advise 
properly as to the character of installation throughout, including 
poleline construction, which will absolutely minimize interrup- 
tions of service due to bad construction. Too much stress cannot 


. be laid upon the advantages of proper installations, designed not 


only for service but for life ; and at the same time thereis a happy 
medium which can be easily determined between sound and true 
economy as against undue extravagance. In most parts of the 
state plants are operated with tangential wheels direct connected 
to the generators, and the cost of maintenance of this department 
is extremely small, except in a few cases where the water used 
contains debris or sand which has been deposited in the rivers, 
due to hydraulic mining. In these cases the wearand tear on the 
buckets is an additional expense of maintenance; but in no case 
is this expense serious, even under the worst conditions as to 
foreign material in the water. 

The introduction of electric power transmission, and the effect 
which it has had or may have in our respective communities, is 
all important to the interests of the members of the Pacific Coast 
Gas Association. 

As members of this association are well aware, the writer has 
been quite actively engaged in fostering the introduction of elec- 
tric power transmission as a desirable adjunct to the gas plants 
which he operates. In fact, current has been obtained on suth 
favorable terms as to permit of an enormous increase in the con- 
sumption of electric current for lighting, even unto tenfold of the 
previous demands; and while said increase was partially due to the 
cessation of the use of gas for illuminating purposes, yet it is with 
pleasure that I report that the total gas consumption is materially 
increased, due to a very liberal and profitable policy in the intro- 
duction of the use of gas for fuel purposes. The result has been 
that our total gas production in one city has increased over 30 per 
cent. and the electric illumination has increased over 1,000 per 
cent., all within a space of three years. 

The question is frequently submitted to some of the managers 
producing electric current by steam, as to the advisability of con- 
tracting with power transmission companies entering their field 
in the utilization of electric current produced by water; and in 
this connection I wish to say a few words for your valuable 
consideration. 

When an electric power company proposes to furnish you with 
electric current in such amounts as your requirements may call 
for, you are at once relieved of the responsibility, investment, 
care, depreciation and maintenance of an equivalent steam plant, 
consisting of boilers, engines, dynamos, power houses, etc., and 
if the investment of a given amount of additional capital were 
utilized in the extension of the gas and electric departments, the 
total results of profit will be far greater to the local company, 
even assuming that the price of current offered is slightly greater 
than your existing cost of production, than if a similar amount 
had been invested in generating plants, assuming that the current 
from a power transmission plant were not available. 

Some of our members might possibly consider that they are in 
a strong position to resist the onslaught of competition from water 
power companies, merely because they imagine the cost of power 
to the power company to be relatively higher than it really is, 
frequently underrating the ability of their competitor to success- 
fully cope with them in competition and materially overrating 
their own ability to meet such competition. To all such members 
I wish to say that it will probably be the wise part of wisdom, and 
so for the interest of their stockholders and themselves, to try to 
reach an amicable arrangement to purchase current from the 
power transmission companies if possible, believing the managers 
of the power transmission companies will exercise the reasonable 
business judgment which might be expected from men in such 
positions. The interests of our association are materially and 
closely allied to electricity as well as gas, and there are few of us 
who are members of this association but who have to devote con- 
siderable time to the electrical department. 
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If we will eliminate from our minds that everything electrical 
is mysterious, undesirable and uninviting, and merely place before 
our eyes suitable focusing glasses to properly see what success is 
being met with by the electrical fraternity, we will probably be 
more anxious to facilitate the united consumption of gas and 
electricity, rather than (as per ostrich) bury our heads in the 
sand while our bodies are exposed to the severe action of the 


elements. 
THE PRESIDENT. In taking up the discussion 


of Mr. Martin’s paper, perhaps he would care to 
DISCUSSION. enlarge upon it to bring the matter better before 
the association. 

Mr. Martin. The paper was intended to give 
food for thought to the members, so that they might the better be 
able to understand what to do under the conditions which are now 
presenting themselves in the various cities when the transmission 
companies knock at their doors for the purpose of selling current, 
or for the purpose of affecting a consolidation of interests which 
may be mutually advantageous. The question which seriously 
affects the investor in gas as in other companies is: ‘‘ How does 
the money invested compare with the revenues obtained?” I 
outlined, not very specifically, the advantages which might be 
gained through accepting the introduction of electric current pro- 
duced from sources other than your own. The companies which 
are operating both gas and electric light.plants find that there is a 
lack of desire to expend money continually in the development of 
the electric light department to keep in touch with the demands 
made by the people, for fear of some possible competition which 
would seriously affect their investment. To this I would say that 
the investment in polelines, transformers, wire, secondary dis- 
tribution, etc., is absolutely as necessary to the transmission com- 
pany as it is to the company operating in any specific district. An 
investment of that character does not depreciate rapidly and is 
quite secure. It is. the only investment which will bring you an 
increased revenue. You may operate as many generating plants 
as you please; unless you have means of distribution you don’t 
get the revenue. If you will spend a given amount of money in 
gas and electric light distribution, instead of using that money for 
a generating plant and partly for distribution, you will find that 
the net revenue in dollars per annum will be greater because of 
your greatly increased sales, if a power transmission company 
came to assist you or to co-operate with you, even if you paida 
higher price for your current than it cost you to produce it. In 
talking regarding the cost of production of electricity, it is seldom 
that anyone considers the question of depreciation, maintenance 
and interest on the cost of production. These things, however, 
appeal to the stockholder strongly. A plant capable of produc- 
ing 1000-horsepower, and costing initially, say, $100,000, will at 
once create a yearly charge of $5000 or $6000 for interest. Your 
boilers, engines and dynamos are depreciating, and the de- 
preciation is much more rapid than in your distributing system. 
That is a cost in addition to the mere cost of your coal and your 
oil. The cost of your engineers, firemen and dynamo tenders, 
coupled with the cost of oil and waste, is only a part of what 
your current actually costs you. If you could eliminate the 
feature of depreciation, and the fact that your apparatus, boilers 
and engines are becoming out of date, you will have eliminated 
the worst feature in connection with electric distribution. If you 
can impose that upon the power transmission companies, you 
have solved the greatest problem in the supplying of electric cur- 
rent cheaply to the people of your cities. I would like a free dis- 
cussion if possible, and any questions members care to ask I will 


be more than pleased to answer. 
Mr. LEon P. Lowe. I understand you think it would be ad- 


visable for a company to pay a little more for electric current—or 
for gas, if someone should offer to sell gas at wholesale—than the 
cost at which they could produce it themselves. You also say 
that people do not realize how much the current is really costing 
them, taking into consideration depreciation, etc. Now, on the 
assumption that a well-managed company knows all about what 
it costs, even to the most minute details, how much more would 
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you suggest they could afford to pay, in round terms, at whole- 
sale for their commodity and devote their energy entirely to dis- 
tribution? About what percentage ? 

Mr. MARTIN. Each individual case would have to be classed 
separately. But let us assume as an illustration that you have a 
plant costing $200,000, and that the demands of your district 
require the expenditure at once of say $100,000 more for a gene- 
rating plant and additional distribution system to take care of a 
part of the customers available. There are two considerations 
which must be met by the party facing a condition such as I have 
outlined: First (assuming this to be electric power transmission ), 
the relative increased amount of business that can be obtained by 
the expenditure of that $100,000 entirely for distribution, as com- 
pared with part of it being used in erecting a generating plant, 
and part to reach certain additional consumers; second, there is 
the fact of possible competition from the source indicated. The 
ability of an organization in any city to withstand the onslaught 
of competition depends upon two things: First, the percentage 
of business in proportion to the population or the business ob- 
tainable; second, the rates at which they are disposing of their 
commodity. If we will aim to place the price of our commodities 
as low as at all possible, consistent with active canvassing, we 
need never seriously fear the advent of competition, other than 
power transmission where the sale of current for illumination is 
secondary, and they are not depending upon that for their main 
revenue. The actual amount or percentage of increased cost over 
production by the plant which it would be advisable to pay, is 
very difficult to determine; but I would say that I would be willing 
in most cases to pay 15 per cent. or 20 per cent. more than the 
current would cost me, because, in addition to saving depreciation 
and interest on my investment, I also have an absence of invest- 
ment which I can use to better advantage. But I think that the 
managers of the power transmission companies are far more 
reasonable than I have indicated. On the assumption that the 
power transmission companies aim to sell to distributing com- 
panies at actual cost, including maintenance and interest, I do not 
think that the problem would present itself; but if it did, I think 
it wou'd be advisable to do what I have suggested. If you had 
reached out to so many more customers, there would be a more 
difficult situation for your competitor to meet. If you have oc- 
cupied only one-tenth of your field (as in the case of a city in 
which I am interested), the field would be practically vacant, and 
your competitor would not hesitate nearly as long, because he 
sees that if he has to duplicate, it is a duplication of only one- 
tenth. If you have your feeders out for every customer available, 
his hesitation is much greater, and his desire to do business with 
you much greater. 

Mr. M.C. Osporn. I donot think Mr. Martin has touched the 
heart of the matter yet. I have been employed with Mr. Martin 
for three years, and have operated two plants for him. We know 
that we give light to the consumer at a lower rate than it formerly 
cost to produce it by steam. We reach everyone —we wire a 
town expecting to get every small house in it. We reach the 
masses and not the classes. The man with a seven or eight-room 
house will perhaps for $1 a month light it with a coal oil lamp. It 
costs the man with a three or four-room house just as much as the 
man whois in better circumstances. Now we light his /ittle home 
for $1 a month. With this class of consumers we get more money 
from a block of ground than we do in the better residence districts 
of our interior towns. It applies to the gas business as well. We 
aim to get everyone, and we don’t stop as long as there is a coal 
oil lamp or a gasoline stove in the town. 

Mr. Lowe. I think Mr. Martin’s argument is a most excellent 
one, so far as electricity is concerned. But from the gas man’s 
standpoint, suppose a long distance gas transmission were to ap- 
proach your town, that they were able to sell gas at a low figure, 
and that they offered you gas at a price somewhat in excess of 
your own cost of manufacture — what is your answer to be on the 
presumption that you have the place pretty thoroughly piped? 
I understand that there comes the question of possible competition. 
Are you going to allow these people to come in and sell gas at a 
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cheaper rate, or are you going to take their gas at their own price? 
It is the volume of business that permits you to reduce the price 
of gas. A few cents per roooin the matter of cost is immaterial 
compared with a large difference in the sales; but here is the 
point, however: When the long distance man (be he electric or 
gas) knocks at your door, and says, ‘“‘ Here is my electricity or my 
gas,’’ how much can we reasonably afford to pay and entertain 
his proposition at once, because if we do not entertain it, he 
starts putting up his wires or laying his pipes? I personally 
know that in Mr. Martin’s operations he is dealing on liberal 
lines, but that state of affairs is not always found. I knowin a 
general way that when a long distance proposition was coming into 
San Francisco, they wished to sell their current to one of the 
local companies here at a price that was considerably in excess of 
what it could have been produced for by steam. That is a very 
large question. The point is, how much extra can you afford to 
pay? The result in San Francisco was that the matter went by 
the board. I refer specifically to the current of the Standard 
Electric Company. I know that the concerns were unable to get 
together. This is a question of some importance, and I believe 
it should be fully discussed. 


Dr. R. M. Powers. I entered the room only a short time ago 
and I did not have the pleasure of listening to Mr. Martin’s 
paper, but I have heard some of the discussion this morning. As 
an interested person, I would like an answer to a question. I 
have a steam plant that cost me a great deal of money. Now, 
why should I pay Mr. Martin or anyone else more than it costs 
me to generate the electricity for myself. That is the question 
Mr. Martin tried to answer; but he did not answer it to my satis- 
faction, although I think he is capable of doing so. It would not 
be the thing to come to me and say: “ You must pay us more for 
this current than it would cost you to generate it for yourself.” 
But if you could give me a reason why I could afford to do so, I 
think I would be satisfied. 


Mr. MARTIN. I will assume that there is not a company on the 
coast but that could increase its business materially if it would 
extend its lines. I do not think any member of the association 
will dispute that statement. Now, such an extension would 
require a certain amount of capital. You may make theconsumer 
pay for it by charging him to run your lines in (which has been 
done by a great many companies iu the past), or you may run 
your lines as part of your plant. Which to do is a matter for the 
decision of the manager in each town. If the investment is put 
entirely into a distributing system, by being able to reach a larger 
market, and consequently a larger consumption, the initial cost 
of the current will become a very small factor. As Mr. Lowe 
says in regard to gas, the question is not the cost in the holder 
but the cost per consumer’s meter, including not only leakage, the 
wages of your gas maker and the cost of material, but also your 
collector’s salary, your manager’s salary, your office rent, taxes, 
insurance, interest, depreciation and repairs. If you have no 
business, your leakage would be 100 per cent. As you increase 
the amount of your business, you increase your dividends more 
than proportionately. You can make larger profits with a smaller 
investment if you wipe out the necessity for the installation of a 
generating plant. 

Mr. Lowe. Mr. Martin pursues a most excellent policy. He 
says, ‘‘You shall not burn gas for light ;’’ but he does not put it 
in those words. The reason is, electricity is really the cheapest. 
Now there is no use discussing the question for a moment as to 
the comparative convenience of electricity over gas. Electricity 
is the most convenient light in the world; and when the yas man 
forces in gas over electricity, he does it because gas is absolutely 
the cheapest. If he cannot do it under those conditions, he can- 
not doit at all. Mr. Martin makes his electric light cheaper than 
his gas, notwithstanding that gas is at a moderately low rate. 

MR. MARTIN. I may say that our fuel gas business has in- 
creased 2000 per cent. or more. While our sales for illumination 
have decreased from 15,000 or 16,000 feet a day to 3000 or 4000 
feet, our sales for fuel have increased from nothing to 17,000 feet. 
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Mr. Lowk. Which do you expect ultimately to be the best 
business ? 

MR. MARTIN. I consider the two:jointly. I donot think there 
ought to be a gas plant without an electric light plant, or an 
electric light plant without a gas plant. 

Mr. Lowk. When you light on a flat rate, is there not a limit 
to your lighting business when you have occupied the whole 
field ? 

Mr. MARTIN. There is no limit, because there is always a 
natural growth. In this connection I may cite an instance from 
my own business in Marysville. After our hard fight with our 
friend, Mr. Knight, my associate said to my manager: ‘‘ How 
much more business is there to be obtained in the city of Marys- 
ville?” He replied: ‘‘I don’t think we can get more than $100 
worth per month in excess of what we are now doing.” I ridi- 
culed the idea and told them they did not know what they were 
talking about. I am pleased to say that our monthly income 
today is more than $400 larger than it was then. The business 
has increased during the past twelve months (since there has 
been a consolidation) at the rate of over $300 per month on the 
average. We have not reached the limit, and we never shall 
reach it. 

Mr. Lowk. Which do you consider the more profitable de- 
partment of your business ? 

Mr. MARTIN. The electrical department is the more profitable, 
for two reasons: First, because we do not have the cost of a 
generating plant to carry —that. has been entirely eliminated in 
our case in Marysville; second, because we push gas for fuel 
purposes only, but we do push it hard for that. We assume that 
the two are partners, and not in opposition. The advantage of 
flat rates in electricity is that you are educating the people to 
make their homes cheerful. When they dine with you they see 
the room ablaze. They go home to their dingy gas burners and 
say: “I think I can stand fifty cents more a month for the sake of 
a cheerful home.’’ Where we put in three iights for ¢1, that man 
will have five or ten within the year. We get a natural increase 
within the homes themselves, due to the cultivation of a desire 
for brilliant lighting. 

Mr. Lowe. Will a domestic consumer pay you more actual 
profit on the gas business, on the assumption that he uses his gas 
more for fuel purposes ? 

Mr. MARTIN. No; I think the electric lighting is more profit- 
able for these reasons: First, because the cost per service in- 
stalled in one case is much less than in the other; second, because 
there are numerous places where illumination is necessary where 
fuel is not; as, for example, boarding houses, rooming houses, 
lawyers’ offices, etc. They would necessarily have to have il- 
lumination at night, but there are very few days when heating is 
necessary in our warm interior towns. 

Mr. Lowe. I limited my question to domestic use. 

Mr. MARTIN. Under the conditions which exist in the valleys 
of central California the profits to be obtained from fuel alone are 
much less than the profits to be obtained from the same building 
for illumination alone. We hope some day, however, to be able 
to build up our gas business so that it will be as profitable as our 
electric light business. Our gas department is profitable, but 
yet not as profitable as our electric department. We now have 
under discussion the proposition of reducing the price of gas. The 
people in our towns lay in their supply of fuel in September and 
October for the entire winter, and it is to forestall that purchase 
of wood that we may make a further reduction in the price of our 
gas for fuel purposes. 


MR. OsBoRN. I want to correct the idea regarding the price of 
current as my company sells it, as compared with the price of gas 
used through a Welsbach burner. The matter regulates itself in 
this way: A store closing at 7 or 8 o’clock will have a payment 
meter set, and will use gas because it is cheaper. You might 
reasonably suppose that we could furnish current to a consumer 
who uses it only until 8 o’clock cheaper than we could to one who 
burns it all night. But wedo not care if it is burned continuously. 
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Our prices are the same for the 8 o’clock consumer, for the 12 
o’clock consumer, and for the all-night consumer. Now the 8 
o’clock consumer with a Welsbach burner and $2.50 gas may cut 
his bill a little by strict economy. The man who burns his lights 
until 12 o’clock will be as well off as if he were burning $1 gas. 
The man who burns the current all night will pay a price equiva- 
lent to 50 cent gas with a Welsbach burner, provided he use the 
gas as much as he does the current. I suppose every member has 
tried consumers on a flat rate. With our electricity on a flat rate 
they use more light in one day than they would use in a week 
with gas. 

Mr. Lowk. I think it would be well if Mr. Martin would 
explain to the association the arrangements he has for buying 
current from his wholesale company. He has an excellent 
method. 
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ship proposition only to the extent that we both share in the 
revenue. 

Mr. LowE. I think Mr. Martin owes me a vote of thanks. His 
talk is very much better than his excellent paper. 





LOSS IN HEAD BY FRICTION OF WATER IN PIPES.* 
BY D. E. BIGELOW. 

ART of the practice of every engineer having the planning of 
water pipe service lines is the calculation of pipe capacities, 
velocities of flow of water, sizes of pipes, and losses of 
pressure. It is purely mechanical work, requiring many 
repetitions and consuming much time. While the results of such 
calculations are indispensable, the getting of the results by math- 
ematical calculation every time it is mecessary to make pipe 
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ing upon the revenue. Suppose you had to generate your current 
by steam, Mr. Martin, could you afford to sell it at a flat rate? 
Mr. MARTIN. The arrangement I have with one of the com- 
panies from whom I receive current (it is the larger of the two 
companies with which I have contracts, and covers more ground), 
is that they are to get a per cent. of my gross income. If I collect 
$1 acertain part of that dollar goes to them; so that with the 
amount of business I do my profits increase, and the profits of 
the wholesale company increase correspondingly. At the same 
time the power company insisted on putting into my contract a 
maximum price that I would be permitted to charge for light, so 
that my rates would be cheap enough. What they want is a large 
consumption. The liberal use of light, although apparently ex- 
travagaut, is notsoin reality. The price which the power com- 
pany gets from us on this percentage basis is larger than their 
contract price with others for illumination by kilowatt hour. The 
only advantage is the flexibility, placing me in a position to suc- 
cessfully resist competition, since the power company is sharing 
in my,gross income. This is an advantage. With a fixed price, 
too, I could not make a contract for forty years. It is a partner- 


to save some of this waste, I have prepared a graphic table by 
calculation from the accepted formula for pipe water flow. With 
this graphic table the mechanical labor of calculation is eliminated 
entirely for pipe estimates within its figured outside limits of pipe 
diameter and velocity of flow. 

In illustrating the use of the graphic table herewith presented, 
suppose it is required to pipe too cubic feet of water per minute at 
a velocity of flow not to exceed 4 feet per second. Wanted to 
know the size of the pipe required and the loss of pressure in 
each 100 feet of pipe. 

Read up on the vertical line denoting 100 cubic feet per minute 
to the curved line representing 4 feet per second. Just below the 
intersection the line denoting 9-inch pipe crosses the 100-foot line, 
showing that 9-inch pipe will be required. The horizontal line 
intersecting at this point is .30, showing there will be a loss of 
.30 pound per square inch in pressure for each 100 feet of pipe. 

Of the four denominations represented in the table — velocity, 
quantity, sizeof pipe, and loss of pressure — any two being given, 
the other two may be determined in the same manner. 





*From the Mining and Scientific Press, page 76, August 24, 1901. 
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FRANK E. SMITH is distinctive among the electrical engineers 
of the Pacific Coast not only for his attainment as a specialist in 
electrical measuring instruments, but also from the fact that he is 
a pioneer who has been active in electrical pursuits hereabouts 
from their very incipiency. His career began in May, 1876, when 
he entered the employ of the Ameri- j 
can District Telegraph Company of 
San Jose, Cal., as lineman, and 
within a year from that date he was 
placed in charge of its electrical 
equipment. In the summer of 1878 
the district telegraph system was 
supplemented by the addition of a 
fire alarm system, and in the year 
following the business of the com- 
pany was further expanded by the 
installation of a telephone system, 
both of which were erected under 
Mr. Smith’s immediate direction. 
These were the first fire alarm and telephone system: installed in 
San Jose. So successful was Mr. Smith’s telephone work in the 
Garden City that in February, 1880, he resigned from his position 
with the San Jose company to enter the service of John I. Sabin, 
who was then instituting the Pacific Bell Telephone Company, 
Mr. Smith’s initial position being the setting of instruments, then 
later he acted as inspector, after which he was made chief in- 
spector of the central office of the company. This position he 
held until April 30, 1883, when he again returned to San Jose, 
where, on the following day, he assumed the position of chief 
engineer and electrician of the San Jose Light and Power Com- 
pany. History was being made rapidly in electrical chronicles in 
those days, and Brush arc lighting apparatus, under the able and 
energetic representation given it on the Pacific Coast by the late 
Geo. H. Roe, was being forged to the front in the west with a 
rapidity that has undoubtedly been scarcely appreciated by our 
eastern brothers. The San Jose plant was one of the first success- 
ful Brush central stations in existence, and it is believed to be the 
first to have demonstrated the great superiority of the arc lamp for 
street lighting purposes, especially in conjunction with the since 
discarded tower system. Most of this work was done under 
Mr. Smith’s direction, and as such it is one of the most notable 
examples of pioneering effort to be found in the electrical history 
of the Pacific coast, outside of electric power transmission circles. 

In just three years to a day from the time of his entering the 
service of the San Jose Light and Power Company, Mr. Smith re- 
turned to San Francisco again —this time at the summons of 
Geo. H. Roe, and to take the position of chief electrician of the 
California Electric Light Company. In the fall of 1887, Mr. 
Smith, acting under the instructions of Mr. Roe, installed the 
very remarkable electric power transmission plant in the Com- 
stock mines, which has been described in these columns here- 
tofore.* In this plant 720 horsepower was developed by Pelton 
wheels, driven under a head of 1650 feet, by Brush dynamos 
placed in a cavern on the Sutro tunnel level of the Chollar shaft, 
the power being used for milling purposes on the surface. When 
the California Electric Light Company was merged into the 
Edison Light and Power Company, in September, 1891, Mr. 
Smith was entrusted with the task of installing its Edison three- 
wire system throughout the city of San Francisco, and this he did 
after having spent the winter of ’91 and ’92 in familiarizing him- 
self with the various great Edison stations of the east. After the 
consolidation of the Edison Light and Power Company with the 
San Francisco Gas Light Company, under the name of the San 
Francisco Gas and Electric Company, Mr. Smith remained as 
chief electrician of the then new concern until December 1, 
1899, when he retired with a fund of knowledge and experience 
which, in its own direction, is probably unparalleled by that of 
any western engineer. 

Mr. Smith has since established the laboratory of Frank E. 
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Smith & Co., which deserves more than a passing notice, for the 
reason that it is the only commercial laboratory on the coast for 
the repair and calibration of electrical instruments. In this Mr. 
Smith has associated with him Geo. R. Babcock, who is also a 
specialist in instrument work. The laboratory is Weston’s sole 
representative for this purpose, and is supplied with a full line of 
Weston standards, repair and supply parts, and seals — the latter 
being a distinct mark of confidence on the part of the Weston 
Electrical Instrument Company, because an instrument so sealed 
is subject to all the guarantees the name Weston gives, precisely 
as if it had come from the factory difect. It is also a great con- 
venience to users of Weston instruments, since it avoids the ex- 
pense, delays and hazards incident toa trip across the country 
and back, In the eight or nine years since the agency was 
established, in addition to several hundred Weston instruments, 
nearly every other known make of instrument has passed through 
the laboratory. 

It is not generally known that the scale of an instrument can 
be changed easily. Often a customer orders an instrument of 
certain scale, and by the time it reaches him he may wish to use 
it for another purpose; or, many central stations have instru- 
ments which have served their purpose, and have been put on the 
shelf to await another use, and when the necessity arises they 
may be ill-adapted for the work. In either case the scale can be 
changed as may be desired at small expense as compared with the 
cost of anewinstrument. The standards are never handled, but 
remain on a'table removed from all vibrations or magnetic dis- 
turbances, and are only used for the purpose of checking the 
working standards. By use of multipliers and shunts both the 
voltmeter and the ammeter will read from thousandths of milli- 
volts or amperes to kilovolts or amperes. In the calibration of 
instruments, one of the greatest requirements is a source of 
energy which will give absolutely steady and constant readings, 
and to obtain these, storage cells are used and form the primary 
check for all classes of instruments. 

In the case of some alterating current instruments, which cannot 
be checked on a direct current, Weston alternating current and 
direct current instruments are first checked with the direct cur- 
rent standards, after which they are used as standards to check 
the alternating current instruments. Besides instrument work 
the firm does a large business in outside testing. It is a common 
experience that recording wattmeters are liable to go wrong, re- 
gardless of the care taken by the central station in their installa- 
tion. In such cases it is desirable to enlist the services of a dis- 
interested third party, in whom both the central station manage- 
ment and the consumer have confidence. The firm is under 
retainer from many large consumers, and check the wattmeter 
readings regularly. Taking all things under consideration, the 
firm of Frank E. Smith & Co. occupies a strong position in a well- 
developed specialty, and its bright future is assured. 


AN IMPROVISED HIGH TENSION SWITCH FOR TEMPORARY 25,000-VOLT WORK. 





